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BENZYL COMPOUNDS WHICH INHSIT LEUKOCYTE 
ADHESION MEDUTED BY VLA-4 



BACKGROUND OF THE INVENTION 

Field QftheTnventioii 

This invention relates to compounds which inhibit leukocyte adhesion 
and, in particular, leukocyte adhesion mediated by VLA-4. 
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Pretolani. et al.. J. Exp. Med., 150:795 (1994) 
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Abraham. et al., J. Clin. Invest. , (1994) 
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SasseviUe, et ai.. Am. J. Path., iM:27 (1994) 

Yang, et al., Proc. Nat. Acad. Science fttS4),5Q: 10494 
(1993) 

Buridy, et al.. Diabetes, 43:529 (1994) 
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Baron, et al., / Exp. Med.,m.57 (1993) 
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van Dinther-Janssen, et al.. Annals. Rheumatic Dis. , 32.612 * 
(1993) 
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Kogan, ei al,, U.S. Patent No. issued April 23, 

1996 

International Patent Appl. Publication No. WO 96/01644 

5 

All of the above publications, patents and patent applications are 
herein incorporated by reference in their entirety to the same extent as if 
each individual publication, patent or patent application was specifically and 
individually indicated to be incorporated by reference in its entirety. 

State of thft Art 

VLA-4 (also referred to as a4pl integrin and CD49d/CD29). first 
identified by Henalcr and Takada*. is a member of the integrin family of 

15 cell surface receptors, each of which comprises two subunits, an a chain and 
a P chain. VLA-4 contains an a4 chain and a Pl chain. There are at least 
nine pi integrins. all sharing the same pi chain and each having a distinct a 
chain. These nine receptors all bind a different complement of the various 
cell matrix molecules, such as fibronectin, laminin, and collagen. VLA-4. ^ 

20 for example, binds to fibronectin. VLA-4 is unique among Pi integrins in 
that it also binds noihmatrix molecules that are expressed by endothelial and 
other cells. These non-matrix nralecules include VCAM-1, which is 
expressed on cytokine-activated human umbilical vein endothelial cells in 
culmre. Distinct epitopes of VLA-4 are responsible for the fibronectin and 

25 VCAM-t binding activities, and each activity has been shown to be inhibited 
independently.^ 

Intercellular adhesion mediated by VLA-4 and other cell surface 
receptors is associated with a number of inflammatory responses. At the site 
30 of an injury or other inflammatory stimulus, activated vascular endothelial 
ceils express molecules that are adhesive for leukocytes. The mechanics of 
leukocyte adhesion to endothelial cells involves, in part, the recognition and 
binding of cell surface receptors on leukocytes to the corresponding cell 



surface molecules on endothelial cells. Once bound, the leukocytes migrate 
across the blood vessel wall to enter the injured site and release chemical 
mediators to combat infection. For reviews of adhesion receptors of the 
immune system, see, for example. Springer' and Osborn*. 

Inflammatory brain disorders, such as experimental autoimmune 
encephalomyelitis (EAE), multiple sclerosis (MS) and meningitis, are 
examples of central nervous system disorders in which the 
endothelium/leukocyte adhesion mechanism results in destruction to 
otherwise healthy brain tissue. Large numbers of leukocytes migrate across 
the blood brain barrier (BBB) in subjects with these inflammatory diseases. 
The leukocytes release toxic mediaton that cause extensive tissue damage 
resulting in impaired nerve conduction and paralysis. 

In other organ systems, tissue damage also occurs via an adhesion 
mechanism resulting in migration or activation of leukocytes. For example, 
it has been shown that the initial insult following myocardial ischemia to 
heart tissue can be Airther complicated by leukocyte entry to the injured ' 
tissue causing still further insult (Vedder et al.^). Other inflammatory 
conditions mediated by an adhesion mechanism include, by way of example, 
asthma^, Alzheimer's disease, atherosclerosis^ AIDS dementia^^ 
diabetes^^^^ (including acute juvenile onset diabetis), inflammatory bowel 
disease^ (including ulcerative colitis and Crohn's disease), multiple 
sclerosis'^^\ rheumatoid arthritis^^^\ tissue transpiantationP, tumor 
metastasis?'^, meningitis, encephalitis, stroke, and other cerebral traumas, 
nephritis, retinitis, atopic dermatitis, psoriasis, myocardial ischemia and 
acute leukocyte-mediated lung injury such as that which occurs in adult 
respiratory distress syndrome. 
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In view of the above, assays for determining the VLA-4 level in a 
biological sample containing VLA-4 would be useful, for example, to 
diagnosis VLAr4 mediated conditions. Additionally, despite these advances 
in the understanding of leukocyte adhesion^ the art has only recently 
addressed the use of inhibitors of adhesion in the treatmem of inflammatory 
brain diseases and other inflammatory condition^'-^. The present invention 
addresses these and other needs. 

SUMMARY OF THE INVENTION 
This invention provides compounds which bind to VLA*4. Such 
compounds can be used, for example, to assay for the presence of VLA*4 in 
a sample and, in pharmaceutical compositions, to inhibit cellular adhesion 
mediated by VLA-4, for example, binding of VCAM-1 to VLA-4. The 
compounds of this invention have a binding afGnity to VLA-4 as expressed 
by an ICso of about 15 mM or less (as measured by Exan^le 9S below), 
which con^K)unds are defined by formula I below: 

■» 

O 

I \ 

R>-SOrN(R^)-C-Q-CH-C-OH I 

I I, 
H 

where 

R* is selected from the group consisting of alkyl, substimted alkyl, 
aryl, substituted aryh cydoalkyl, substituted cycloalkyl, heterocyclic, 
substituted heterocylic, heteroaryl and substimted heteroaryl; 

R^ and R^ togetber with the nitrogen atom bound to ^ and the carbon 
atom bound to R' form a samrated heterocyclic group or a saturated 
substituted heterocyclic group with the proviso that whra monosubstituted, 
the substinient on said samrated heterocyclic group is not carboxyl; 
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is selected from the group consisting of -(CHj^-aryl and 
-(CH2)„-heteroaryl, where n is an integer equal to 1 to 4; 

Q is -C(X)NR'- wherein is selected from the group consisting of 
hydrogen and alkyi, and X is selected from the group consisting of oxygen 
and sulfur; 

and pharmaceutically acceptable salts thereof, 

with the proviso that when R^ is 2,4.6-trimethyIphenyl, R^ and R^ 

4 

together with the pendent nitrogen and carbon atoms form a pyrrolidinyl ring 
and Q is -C(0)NH-, then is not benzyl; and 

with the further proviso that when R^ is p*methylphenylt R^ and R' 
together with the pendent nitrogen and carbon atoms form a pyrrolidinyl ring / 
derived from D-proline and Q is -C(0)NH-, then is not benzyl derived 
from D-phenylalanine. 

In another embodiment, the conq>ounds of this invention can also be 
provided as prodrugs which convert (e.g., hydrolyze, metabolize, etc.) in 
vivo to a compound of fonnula I above. In a preferred exanq)le of such an ' 
embodiment, the carboxylic acid of the compound of formula I is modified 
into a group which, in v/vo, will convert to a carboxylic acid (inchiding salts 
thereoO. la a particularly preferred embodiment, such prodrugs are 
represented by compounds of formula lA: 

R^ O 

I i 

R»-SOj-N(R^)-C-Q-CH-C-R* lA 

I. I 
H R* 

R' is selected from the group consisting of alkyl, substimted alkyl. 
aryU substimted aryl, cycloalkyl heterocyclic, substimted heterocylic, 
heteroaryl and substimted heteroaryi; 



wo 99/06436 PCT/US98/15327 

and together with the nitrogen atom bound to R^ and the carbon 
atom bound to R^ form a sanirated heterocyclic group or a samrated 
substituted heterocyclic group with the proviso that when monosubstituted, 
the substituent on said saturated heterocyclic group is not carboxyl; 
5 R^ is selected from the group consisting of -(CH2)„-aryl and 

-(CH2)„-heteroaryl. where n is an integer equal to I to 4; 

R^ is selected from the group consisting of amino, alkoxy, substituted 
alkoxy, cycloalkoxy, substimted cycloalkoxy. -0-(N-succininiidyl), -NH- 
adamantyl, -0-cholest-5-en-3-P-yl, -NHOY where Y is hydrogen, aikyl, 
10 substimted alkyi, aryl, and substimted aryl, 

-NH(CH2)pC00Y where is an integer of from 1 to 8 and Y is as defined 
above, -CX^NR^*** where R^ is selected from the group consisting of 
•C(0)-aryI and -C(OVsubstimted aryl and R^^ is selected from the group 
consisting of hydrogen and -CHiCOOR" where R" is alkyl, and -NHSOiZ 
IS where Z is aUcyU substituted alkyi, cycIoalkyK substimted cycloalkyl, aryK 
substimted aryl» heteroaryl, substimted heteroaryl, heterocyclic and 
substimted heterocyclic; 

Q is -C(X)NR^* wherein R^ is selected from the group consisting of 
hydrogen and alkyl* and X is selected from the group consisting of oxygen 
20 andsulfUn 

and pharmaceutically acceptable salts thereof, 
widi the following provisos: 

A. when R' is 4-methylphenyl, R^ and R^ together with the 
pendent nitrogen and carbon atoms fonn a pyrroIidin-2-yl ring, VI is benzyl 

25 and Q is -C(0)NH.. then R? is not .NH(CH2)jC02El or -{IROS^iRH-y 
menthyl ester; 

B. when R^ is 4-methylphenyl, R^ and R^ together with the 
pendent nitrogen and carbon atoms form a 3*p-phenyl*ring derived from D- 
proline, R* is benzyl and Q is -C(0)NH-, then B? is not -OCHiCH,; 
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C. when is l-N-methyl-3-methyl-5<hloropyrazoI-4-yl, and 
R^ together with the pendent nitrogen and carbon atoms form a pyrrolidin-2- 
yl ring, R^ is benzyl and Q is -C(0)NH-, then R? is not -OCH,; 

D. when R* is 4-methylphenyl« R^ and R^ together with the 
5 pendent nitrogen and carbon atoms form a pyrrolidin*2-yl ring, is 

D-benzyl and Q is -C(0)NH-. then R? is not -OCHjCH,; 

E. when R' is 4-methylphenyl, R^ and R^ together with the 
pendent nitrogen and carbon atoms form a S,S-dimethyl-l,l-dioxo-thiaproiyl 

4 

ring. R^ is benzyl and Q is -C(0)NH-, then R? is not -OCCCHj),; and 
10 F. when R' is 4-methylphenyl, R* and R^ together with the 

pendent nitrogen and carbon atoms form a pyrrolidin-Z-yi ring derived from 

D-proline, R* is benzyl derived from D-phenylalanine and Q is -C(0)^fH-, 

then R^ is not -OCH3; 

G. when R' is n-butyU R^ and R^ together with the pendent 
IS nitrogen and carbon atoms form a pyrrolidiii-2-yl ring, is benzyl and Q is 

•C(0)NH-, then R* is not -O-benzyl. 

Preferably, in the compounds of formula I and lA above, 9^ is 
selected from the group consisting of alkyi, substimted alkyl, aryl, 

20 substimted aryl, heterocyclic, substituted heterocylic, heteroaryl and 

substimted heteroaryl. Even more preferably R^ is selected from the group 
consisting of 4-methylphenyl, methyl, benzyl, n-butyl, 4-chiorophenyl. 1- 
naphthyU 2-naphthyl, 4-methoxyphenyl, phenyl, 2,4,6-trimethylphenyl, 2* 
(methoxycarbonyOphenyl, 2-carboxyphenyl, 3,5-dichlorophenyl, 4- 

25 trifhioromediylphcnyl, 3,4-dichlorophenyl, 3,4-dimethoxyphcnyl, 4- 

(Cfl3C(0)NH-)phenyl, 4-trifIuoromethoxy phenyl, 4-cyanophenyl, isopropyl, 
3,5-di-(trifluoromethyl)phenyl, 4-/-butylphenyl, 4.f-butoxyphenyl, 4- 
nitrophcnyl, 2-duenyl, l-N-methyl-3-mcihyl-5-chIoropyrazol-4-yl, 
phenethyl, I-N-methylimidazol-4-yl, 4-bromophenyl, 4-amidinophenyl, 4- 

30 methylamidinophenyl, 4.CCH5SC( = NH)lphenyl, 5-chloro-2-thieny 1, 2.5- 
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dichloro-4-thienyl, l-N-mcthyl-*-pyrazoiyU 2-thiazolyU 5-mcthyH,3,4- 
ihiadiazol-Z-yl, 4-[H2NC(S)]phenyK 4-aminophcnyl, 4-fluorophcnyl. 2- 
fluorophenyl, 3-fluorophenyl. 3.5-dinuorophenyK pyridin-3-yU pyrimidin-2- 
yl, and 4-(3'-dimethylamino-n-propoxy)-phenyl. 

5 

In one preferred embodiment, and together with the nitrogen 
atom bound to the R^ substituent and the carbon bound to the substituent 
form a heterocyclic group or substituted heterocyclic group of 4 to 6 ring 
atoms having I to 2 heteroatoms in the ring selected from nitrogen, oxygen 

10 and sulfur, which ring is optionally substituted with 1 to 2 substiments 
selected from fluoro, methyl, hydroxy, amino, phenyl, thiophenyl and 
thiobenzyl, or can be fused to another saoirated heterocyclic or cycloalkyl 
ring such as a cyclohexyl ring to provide for a fused ring heterocycle of from 
10 to 14 ring atoms having 1 to 2 heteroatoms in the ring selected from 

IS nitrogen, oxygen and sulfur. Such heterocyclic rings inchide thiazolidinyl 
(e.g., L-thiazolidin-4-yl), piperidinyl (e.g., L-piperidin-2-yl), piperizinyl 
(e.g., L-piperiziii-2-yl), thiomorpholinyl (e.g., L-thiomorphDlin-3-yl), ' 
pyrrolidinyl (e.g., L-pyrrolidin-2-yl), substituted pyrrolidinyl such as 4- 
hydroxypyrrolidinyl (e.g., 4-a-(or (J-)hydroxy-L-pyrrolidin-2-yl), 

20 4-fluoropyrroUdinyl (e.g., 4-a-(or p-)fluoro-L-pyrrolidin-2-yl), 3- 
phenylpynolidinyl (e.g., 3-a.(or P-)phenyl-L-pyrrolidiii-2-yl), 3- 
thiopheny^yrrolklinyl (e.g., 3-a-(or P-)thiophenyl-L-pyrrolidin-2-yl), 4- 
aminopyrrolidinyi (e.g., 4-a-(or p-)amiiio-L-pynolidin-2-yl), 3- 
mcthoxypyrrolidinyl (e.g., 3-a-(or p-)methoxy-L-pyrrolidin-2-yl), 4,4- 

25 diihethytpyrrolidiii*2-yI, substimted piperizinyl such as 4-N-Cbz-piperizin-2- 
yl, substimted thiazolidinyl such as S,S-dimethylthiazolindinr4-yl, 1,1-dioxo- 
thiazolidinyl (e.g., L-l,l-dioxo-thiazolidin-4-yl), substituted 1,1-dioxo- 
ihiazolidinyl such as L-l.l-dioxo-5,5-dimethylthiazolidin-4-yl, 1,1- 
dioxothiomorph linyl (e.g., L-l,l-dioxo-thionK)Tpholin-3-yl) and the like. 

30 Preferably, such rings do not include those where and R^ together with 
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the nitrogen atom bound to and the carbon atom bound to R? form a 
azetidine ring. 

Q is preferably -C(0)NH- or -C(S)NH-. 

is preferably selected from ail possible isomers arising by 
substitution of the following groups: benzyl, phenethyl, -CH2-(3-indolyl), 
-CHr(l-naphthyl), -CHr(2-naphthyl), -CHj-(2.thienyl), -CHi^i-pyridyl), 
-CH2-(5-imidazolyl), -CHj-3-(l,2,4.triazolyl), -CH2-(2-thiazolyl) and the 
like. 

In the compounds of formula IA» is preferably 2,4-dioxo- 
tetrahydrofuran-3-yl (3.4^nol), methoxy. ethoxy, /jo-propoxy, n-butoxy, 
r-butoxy, cyclopcmoxy, necT-pentoxy, 2-a-i5a-propyl*4-^ 
methylcyclohexoxy, 2-p-isopropyl-4-P-niethylcyclohexoxy, 
-NHj, benzyloxy, -NHCHjCOOH. -NHCHjCHjCOOH, -NH-adamantyl. 
-NHCHjCHiCOOCHiCH,. -NHSOj-p-CHj-ct), -NHOR* where R» is 
hydrogen, methyl, /50-propyl or benzyl, 0-(N-succinimidyi), 
-0<holest-5-en-3-(J-yl, -OCHi-OCCOCCCH,),, -0(CH:),NHC(0)W where z 
is 1 or 2 and W is selected from the group consisting of pyrid-3-yl, 
N-methylpyridyl, and N-methyH,4-dihydro-pyrid-3.yi, and -NR'C(0)-R' 
where R' is aryl, heteroaryl or heterocyclic and R" is hydrog;en or 
-CHiC(0)OCHiCHj. 

Preferred compounds within the scope of formula I and lA above 
inchide by way of example: 

A^-(methanesulfonyl)-L-proIyl-L-phenylalanine 

iV-(a-toluenesulfonyl)-L-prolyl-L-phenylalanine 

M(toluene*4-sulf6nyl)-L-prolyl-L-phenylalanine 
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A^(tolucne-4-sulfonyl)-L-prolyl-L-(;V.methyl)phenylalaniiie 

AA(toluene-4-sulfonyl)-L-pipecolinyl-L-phenylalanine 

A^(toluene-4-sulfohyl)-D-prolyl-L-phenylalanine 

iV.(toluene^sulfonyl)-L-(4-hydroxy)prolyl-L-phenylalanine 

;V.(toluene-4-suIfonyl)-L-prolyl-DX-homophenyIalanu^ 

iV.(4-chlorobenzenesulfonyl)-L-prolyl-L-phenylalanine * 

AA-(l-naphthalenesulfonyl)-L-proIyl-L-phenylalaninc 

/y^(2-naphthalenelsulfonyl)-L-prolyl-L-phenylalanine 

A^(4-methoxybcnzcncsuifoayl^L-prolyi-L-phcnylaIanine 

/\^(4-^err-butylbenzeiicsulfonyl)-L-prolyI-L-phcnylal^^ 

iVKtoluene-4-sulfonyl>L-(4-fluoro)prolyl-L-phenyIaIanme 

iVK/»-butaiiesulfonyl>L-prolyl-L-phenylalanine 

iV-(tolucnc-4-sulfonyl)-LK5,5-diinethyl)thiaprolyl^^^ ' 

iV-(2-methoxycarbonylbcnzcnesulfbnyl)-L-prolyl-L-^ 

N-(2-carboxybeiizenesulfonyl>L-prolyl-L-phenylalaninc 

iV-<toluene-4-sulfonyl)*L-thiaproiyl-L-phenylalan^ 

iVK3,5-<licmorobcnzenesulfonyl)-L-prolyl-L-phcnyl^^ 

iV<4-trffluoromcmoxybcnzeiiesulfonylVL-prolyl-L-phfinylala^ 

iVK3,4-dicUoroben2cncsulfonyl)-L-prolyl-L-phcnyW 

iVKiolucne-4-sulfoayl)-DX-(3i)henyl)prolyl-Li)hcnylalanTO 

iVK3,+^imcthoxybenzcncsulfoiiylVL-proI^ 

iVK4-nitrobcnzcnesulfonylVL-prolyl-L-phcnylalam^ 

N'-(4-acetanudoben2enesulfonyl)-L-prolyl-L-phenylalaninc 
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iV-(4-cyanobenzenesulfonyI)-L-prolyl-L-phenylalanine 

M(tolucnc-4-sulfonyl)-L-prolyl-L-tryptophan 

iV-(tolucnc-4-sulfonyl)-L-prolyl-P-(l-aaphthyl)-L-alanme 

M(toluenc-4-sulfonyl)-L-prolyl-p-(2-iiaphthyl)-L-aianine 

^-(tolucM-4-suIfonyl)-L-prolyl-p-(2-thienyl)-L-aIaninc 

M(isopropanesulfonyI)-L-prolyl-L-phcnyIalanine 

4 

iV-(toluene-4-sulfonyl)-L-prolyl-p-(3-pyridyl)-L-aIaninc 

//-(toIucne-4-sulfonyl)-L-(4-phenylthio)prolyl-L-phcnylalaninc 

M(toluenc-4-sulfonyIH4-ben2ylthio)-L-prolyI-L-phenylalaniiie 

iV-<toluene-4-sulfonyl)-L-prolyl-L*histidine 

^-(toluene-4-sulfonyl>LK4-aniuu))prolyi-L-phenyIalaniiie 

y\Ktolxxene-4-sulfonyl)*L-proIyl-L-pbenylalaniiiainide 

iVKtoIucnc-4-sulfonyl)-L-prolyl-L-phciiylalanine benzyl ester 

iV-(toIucnc-4-sulfonyl)-L-prolyl-L-phenylalaninc ethyl ester 

N^(toluene-4-sulfonyl)-L-prolyl-L-phenylalamneA^inethoxyamid 

iVKtoluenc-4-sulfonyi>L-prolyl-L-phenylalanineiV-be 

iVKtoIuenc-4-sulfonyl>L-prolyl-L-phenylalanineAKtoluenc-4- 
sulfonyOamtde 

^Ktohienc-4-sulfonyl)-L-prolyl-L-phenylaianinyl-P-alan^ 

iV<tolucne-4-suifonyl)-L-prolyl-L-phcnylalanineA^hydroxyainide 

N-(toluenc-4-sulfonylVL-prolyl-L-phenylalaninc isopropyi ester 

i^^{tolucnc-4-sulfonylVL-(4.hydroxy)prolyl-L-phenyldanine 

A^(toluene-4-sulfonyl)-L-prolyl-L-phenylalaiunyKA^-benzoyl)gi^^ 
etbyl ester 
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M(toluene-4-sulfonyl)-L-(4-fluoro)prolyl-L-phenylalanine benzyl 
ester 

/y-{toIuene-4.sulfonyl)-L-thiaprolyl-L-phenyIaianine benzyl ester 

iV-(toluene-4-sulfonyl)-L-(5,S-dimethyi)thiaprolyl-L-phenylaIanine 
benzyl ester 

^-(toluene-4-sulfonyl)-L-{5,5-diinetbyl}thiaprolyl-L-phenylalanine 
ethyl ester 

^-(2-methoxycarbonylbenzenesulfonyl)-L-prolyl-L-phenylalanine 
benzyl ester 

^-(toluenc-4-sulfonyl)-L-(3-phenyl)prolyl-L-phenylalanine ethyl ester 

/V.{toIueiie-4-sulfonyl)-M4-nnethoxy)prolyl-L-phenylalanine 

;VKtoluene-4-sulfonyl)-L-prolyl-L-phenylalanine(lS,2/?,5S)-(**-)- 
menthyl ester 

iV-{toIuenc-4-suIfonyl)-L-prolyI-L-phenylaianineiV- 
hydroxysuccinimide ester 

^-{toluene-4-sulfonyl)-L-prolyUL-pbeaylalaniiie 2- 
(nicotinamido)ethyl ester 

^-(toluene-4-sulfonyl)-L-prolyl-L-phenylalanine 2-(l- 
methylpyridiniuin-3-amido)ethyi ester 

i^-(tohiene-4-sulfonyl)-L-prolyl-L-phenylalaniDe chotesteryl ester 

y*(tohiene-4-5ulfonyl)-L-proiyl-L-phenylalaiuae 2-(l-inethyl-l ,4- 
dihydropyridinyl*3-ainido)ethyl ester 

^•<thiophene-2-5ulfonyl)-L-prolyl-L-pheaylala&ine methyl ester 

^•<thiophene-2*sulfonyl)*L-prolyl-L-phenylalaiiine 

iVH5-chlorc>-l.3-diniethylpyTazoIe-4-sulfonyl)-L-prolyl-L- 
phenylalanine 

^-(2-phenylethanesulfonyl)-L-prolyl-L-phenyIalanine 
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iV-(l-methylimidazole-4-sulfonyl)-L-prolyl-L-phcnylalanine methyl 
ester 

iV-( 1 -methylimidazoIe-4-suIfony l)-L-proly 1-L-pheny lalanine 

^-(4*a2nidinobenzenesulfonyl)-L-prolyl-L-phenylalanine methyl ester 

iV-(4-amidinobenzeiiesulfonyl)-L-prolyl-L-phenylalanine 

M(4-thiomcthoxyimidatylbenzcne-4-sulfoiiyl)-L-proIyl-L- 
phenylalanine methyl ester 

^-[4-(Mmethylthioamido)beiizenesulfonyl]-L-prolyl-L-phenylaianine 
methyl ester 

iV-(toluene-4-sulfonyl)-L-prolyl-D,L-p-(l,2,4-tria2ol-3-yl)alanine 

^•<toluene-4-sdfonyl)-L-prolyI-DX-p-Cthiazol-2-yl)alaninc 

iV-[4-(3-dimethyIamiiM)propyloxy)benzenesulfonyll-L-prolyl-L- 
phenylalanine 

iV-<tolxiene-4-sulfonyl)-L-pyrrolidiii-2-yl-thiocarbonyl-L- 
phenylalanine 

iV-(4^ocarbamoylbenzenesulfonyl)-L-(S,5Klunethyl)thiaprolyl-L- 
phenylalanine benzyl ester 

^-(4-cyanobenzenesulfonyl>L-(S,5-dimethyl)thiaprolyI-L- 
phenylalanine benzyl ester 

^-(toiuene^sulfonyl)-L-prolyl-D-phenylalanine 

//-(toh2ene-4-suifonyl)-Mthiamorphoiin-3<arbonylVL-phenylalanine 

^tohiene-4-sulfony 1)-[(1 , l-dioxo)thiamorpholin-3<arbony 11*L- 
phenylaianine 

iV-(toluene4-sulfonyl)-L-(3,3-din»thyl)prolyl-L-phenylaIanine 

//-{toluene-4-sulfonyl)-M5,5-dimeihyH , l-dioxo)thiaprolyl-L- 
phenylalanine 

iV-(tolueiie-4-sulfonyl)-((Ul-dioxo)thiamorpholiii-3<arbonyl]-^ 
phenylalanine ethyl ester 



/V-{toluene-4-sulfonyl)-L-prolyl-L-phenylalanine /m-butyl ester 

iV-(toluene-4-sulfonyl)-L-pyrrolidin-2-yl-thiocarbonyl-L- 
phenylalanine methyl ester 

;\^{benzenesulfonyl)-L-proiyI-L-phenylalamne methyl ester 

yVKtoIuene-4-sulfonyl>L-(5<>xo)proIyi-L-phenylalanine ethyl ester 

iV-(toluene-4-sulfonyl)-L-(5-oxo)prolyl-L-phcnylalanine * 

and pharmaceutically acceptable salts thereof* as well as any of the 
ester compounds recited above wherein one ester is replaced with another 
ester selected from the group consisting of methyl ester, ethyl ester^ n-propyl 
ester, isopropyl ester, n-butyl ester, isobutyl ester, 5ec-butyl ester and ten- 
butyl ester. 

This invention also provides methods for binding VLA-4 in a 
biological sample which method comprises contacting the biological sample 
with a compound of formula I or lA above under conditions wherein said 
compound binds to VIA-4. 

Certain of the compounds of formula I and lA above are also useful 
in reducing VLA-4 mediated inflammation in vivo. 

This invention also provides pharmaceutical compositions comprising 
a pharmaceutically acceptable carrier and a therapeutically effective amount 
of one or more of the compounds of formula I or lA above, with the 
exception that and are derived from L-amino acids or other similarly 
configured starting materials. Alternatively, racemic mixtures can be used. 

The pharmaceutical compositions may be used to treat VLA-4 
mediated disease conditions. Sdch disease conditions include, by way of 
example, asthma, Alzheimer's disease, atherosclerosis, AIDS dementia. 
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diabetes (including acute juvenile onset diabetis), inflammatory bowel 
disease (including ulcerative colitis and Crohn's disease), multiple sclerosis, 
rheumatoid arthritis, tissue transplantation, tumor metastasis* meningitis, 
encephalitis, stroke, and other cerebral traumas, n.'^phritis, retinitis, atopic 
dermatitis, psoriasis, myocardial ischemia and acute leukocyte-mediated lung 
injury such as that which occurs in adult respiratory distress syndrome. 

Accordingly, this invention also provides methods for th« treatment 
of an inflammatory disease in a patient mediated by VLA-4 which methods 
comprise administering to the patiem the pharmaceutical compositions 
described above. 

Preferred compounds of formula I and lA above include those set 
forth in Table I below: 
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DETAILED DESCRIPTION OF THE INVENTION 

As above, this tnvention relates to compounds which inhibit 
leukocyte adhesion and, in particular, leukocyte adhesion mediated by VLA- 
4. However, prior to describing this invention in further detail, the 
5 following terms will furst be defined. 

Dgfinitjons 

As used herein, "alkyl** refers to alkyi groups preferably having from 
10 1 to 10 carbon atoms and more preferably 1 to 6 carbon atoms. This term is 
exemplified by groups such as methyl, t-butyl, n-heptyl, octyl and the like. 

'*Substituted alkyl* refers to an alkyl group, preferably of from 1 to 
10 carbon atoms, having from I to 5 substituents selected from the group 

IS consisting of alkoxy, substituted alkoxy, acyl, acylamino, 

thiocarbonylamino, acyloxy, amino, amidino, alkyl amidtno, thioamidino, 
aminoacyit aminocarbonytamino, aminothiocarbonylamino» 
aminocarbonyloxy, aryl, substituted aryl, aryloxy, substituted aryloxy, 
aryloxylaryl, substimted aryioxyaryl, cyano, halogen, hydroxy!, nitro, 

20 carboxyl, carboxylalkyi, carboxyl-substituted alkyl, carboxyl^ycioalkyl, 
carboxyl-substituted cycloalkyl, carboxylaryl, carboxyl-substimted aryl, 
carboxylheceroaryl, carboxyl-substituted heteroaryl, carboxylheterocyclic, 
carboxyl-substituted heterocyclic, cycloalkyU substituted cycloalkyl, 
guanidino, guanidinosulfone, thiol, thioalkyi, substimted thioaikyl, thioaryl, 

25 substituted thioaryl, thiocycloalkyl, substituted thiocycloalkyl, 

thioheteroaryl, substituted thiobeteroaryl, thioheterocyclic, substimted 
thioheterocyclic, heteroaryl, substimted aryl, substimted heteroaryl, 
heterocyclic, substimted heterocyclic, cycloalkoxy, substimted cycloalkoxy, 
heteroaryioxy. substituted heteroaryloxy, heterocyclyloxy, substimted 

30 heterocyclyloxy, oxycarbonylamino, oxythiocarbonylamino, -OS(0)i-alkyl, - 
0S(0)2-substituted alkyl, -0S(0)2-aryl, -0S(0)2-substimted aryl, *0S(0)2- 
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heteroaryU -OS(0)i-substituted heteroaryl, -OS(0)2-hetcrocyclic, 'QS(0\- 
substituted heterocyclic, -OSOj*^^^ where R is hydrogen or alkyU 
-NRS(OValkyl. -^alS(0)2-substituted allcyl, -NRS(0)2.aryl, -NRS(0)r 
substituted aryl, -NRS(0)2-heteroaryK -NRSCOVsubstituted heteroaryl* 
-NRS(0)2-heterocyclic, -NRS(OVsubstituted heterocyclic, -NRS(0)2-NR- 
alkyl. .NRS(0)a-NR-substinited alkyK .NRS(0)2-NR-aryU -NRS(OVNR- 
substituted aryl, -NRS(0)2-NR-heteroaryl» -NRS(0)2-NR-substituted 
heteroaryl. -NRSCOi-NR-heterocyciic, -NRSCOVNR-substitutad 
heterocyclic where R is hydrogen or alkyl, mono* and di-alkylamino, mono- 
and di-(substimted alkyDamino, mono- and di-arylamino, mono- and di* 
substimted aryiamino, mono- and di*heteroarylamino, mono- and di- 
substituted heteroaryiamino* mono- and di-hmrocyclic amino, mono- and 
di-substimted heterocyclic amino, unsymmetric dt-substimted amines having 
different substituents selected from aUcyl, substimted alkyU aryl, substituted 
aryl, heteroaryh substituted heteroaiyl, heterocyclic and substimted 
heterocyclic, and substimted alkyi groups having amino groups blocked by 
conventional blocking groups such as Boc, G}z, formal, and the like, and . 
alkyl/substimted alkyl groups substittited with -SO^-alkyl, -SOj-sxibstimted 
alkyi, -SOj-alkenyl, -SOj-substimted alkenyl, -SOj-cycloalkyl. -SO^- 
substinited cycloalkyl, -SOj-aryl, -SOi-subsiimted aryl, -SOi-heteroaryl, 
-SOj-substimted heteroaryl, -SOj-heterocyclic, -S(>2-substimted heterocyclic 
and -SOjNRR where R is hydrogen or alkyl. 

"Alkoxy" refers to the group "alkyl-O-* which inchides, by way of 
exaaq)le, methoxy, ethoxy, /t-propoxy, /50-propoxy, n-butoxy, /err-butoxy, 
5^c-butoxy, n-pentoxy, n-hexoxy, 1,2-dimethylbutoxy, and the like. 



"Substituted alkoxy** refers to the group 'substimted alkyl-O-". 
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"Acyl" refers to the groups H-C(O)-, alkyl-C(O)-, substituted allcyl- 
C(0)-, alkenyl-C(O)-. substituted alkenyl-C(O)-, alkynyl-C(O)-, substituted 
aUcynyl-C(O)- cycloallcyl-C(O)-, substituted cycloalkyl-C(O)-. aryl-C(O)-, 
substituted aryl-C(O)-, hetcroaryl-C(O)-, substituted heteroaryi-C(O). 
S heterocyclic-C(0)-, and substituted heterocyclic-C(O)*, wherein allcyU 

substituted alkyi, aikenyl, substituted alkenyl, aikynyl, substituted alkynyl, 
cycloaikyi, substituted cycloalkyi, aryl, substituted aryl, heteroaryl, 
substituted heteroaryl, heterocyclic and substituted heterocyclic are as 
defined herein* 

10 

"Acylamino" refers to the group •C(0)NRR where each R is 
independently selected from the group consisting of hydrogen* alkyl, 
substimted alkyU alkenyU substituted aikenyl* alkynyU substituted alkynyU 
aryU substituted aryl, cycloalkyU substituted cycloalkyi, heteroaryl, 

15 substituted heteroaiyU heterocyclic, substimted heterocyclic, and where each 
R is joined to form, together with the nitrogen atom, a heterocyclic or 
substimted heterocyclic ring, wherein alkyi, substimted alkyl, aikenyl, 
substimted aikenyl, aikynyl, substimted alkynyi, cycloalkyi, substimted 
cycloalkyi* aryl, substimted aryl, heteroaryl, substimted heteroaryl, 

20 heterocyclic and substimted heterocyclic are as defined herein. 



'^Thiocarbonylamino** refers to die group -C(S)NRR where each R is 
independently selected from the group consisting of hydrogen, alkyl, 
substituted alkyl, aikenyl, substituted alkei^l, aikynyl, substimted aikynyl, 
25 aryU substituted aryl, cycloalkyi, substimted cycloalkyi, heteroaryl, 

substimted heteroaryl, heterocycUc, substimted heterocyclic, and where each 
R is joined to form, together with the nitrogen atom, a heterocyclic or 
substituted heterocyclic ring, wherein alkyl, substimted alkyl, aikenyl, 
substimted aikenyl, aikynyl. substimted aikynyl, cycloalkyi, substituted 
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cycloalkyl, aryl, substituted aryl, heteroaryl, substituted heteroaryl, 
heterocyclic and substituted heterocyclic are as defined herein. 

"Acyloxy" refen to the groups alkyl-C(0)0-, substituted 
aikyl-C(0)0-, alkenyl-C(0)0-, substituted alkenyl-C(0)0-, alkynyl-C(0)0-, 
substituted alkynyl-C(0)0-. aryl-C(0)O-, substituted aryl-C(0)0-, 
cycloallcyl-C(O)C)-, substituted cycloalkyl-C(0)0-, heteroaryi-C(0)0-» 
substituted heteroaz7l-C(0)0*, heterocyclic-C(0)0-, and substituted 
heterocyclic-C(0)0-. wherein alkyi, substituted alkyi, alkenyl, substituted 
alkenyU alkynyK substituted alkynyl, cycloalkyl, substituted cycloalkyl. aryl, 
substituted aryU heteroaryi« substituted heteroaryU heterocyclic and 
substituted heterocyclic are as defined herein. 

" Alkenyl** refers to an alkenyl group preferably having from 2 to 10 
carbon atoms, and more preferably 2 to 6 carbon atoms, and having at least 
1, and preferably from 1*2, sites of alkenyl unsaoiration. 

"Substituted alkenyl" refiers to alkenyl groups having from 1 to S 
siibstituents selected from the group consisting of alkoxy, substimted alkoxy, 
acyl, acylamino, thiocarbonylamino. acyloxy, amino, amidino, 
aikylamidino, thioamidino, aminoacyl, aminocarbonylamino, 
aminothiocarbonylamino, aminocarbonyloxy, aryi, substituted aryl, aryloxy, 
substituted aryloxy, aryloxyaryl, substituted aryloxyaryl, halogen, hydroxyl, 
cyano, rntra, carboxyl, carboxyialkyU carboxyl-substimted alkyi, carboxyl- 
cycloalkyl. carboxyl-substimted cycloalkyl, carboxylaryl, carboxyl* 
substimted aryU carboxyiheteroaryl, carboxyl-substimted heteroaryl, 
carboxylheterocyciic, carboxyl-substimted heterocyclic, cycloalkyl, 
substituted cycloalkyl, guanidino, guanidinosulfoiw, thiol, thioalkyi, 
substituted thioalkyi, thioaryl, substimted thioaryl, thiocycloalkyi, 
substimted thiocycloalkyi, thioheteroaryl, substimted thioheteroaryl. 
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thioheterocyclic, substituted thioheterocyclic, heteroaryJ, substituted 
heteroaryl, heterocyclic, substituted heterocyclic, cycloalkoxy, substituted 
cycioalkoxy, heteroaryloxy, substituted hcteroaryloxy, heterocyclyloxy, 
substituted heterocyclyloxy, oxycarbonyiamino, oxythiocarbonylamino, 
5 -0S(0)2-alkyl, -0S(0)2-substituted alkyl, -0S(0)2-aryI, -OS(OVsubstiiuted 
aryi, -OS(0)2-hcteroaryl, -OS(0):-substitutcd heteroaryl, -OS(0)j- 
heterocyclic, -0S(0)2-substituted heterocyclic, -OSOj-NRR where R is 
hydrogen or alkyl, -NRS(0)2-alkyl, -NRS(OVsubstituted alkyi, -NRSCOV 
aryl, -NRS(OVsubstituted aryl, -NRS(0)2-hcteroaryl, -NRS(OVsubstituted 

10 heteroaryl, -NRS(OVheterocyclic. -NRS(0)2-substitutcd heterocyclic, 
-NRS(0)2-NR-alkyl. -NRS(0)2-NR-substituted allcyl; -NRS(OVNR-aryl, 
-NRS(0)rNR-subsiituted aryl, -NRS(0),-NR-heteroaryl, -NRS(0)i-NR- 
substituted heteroaryl. -NRS(0)2-NR-heterocyclic and -NRS(OVNR- 
substituted heterocyclic where R is hydrogen or alkyi, mono- and di* 

IS alkylaxniix), mono* and di-(substituted alkyl)amino, mono- and di-arylamino, 
mono- and di-substituted arylamino, mono- and di-heteroarylamino, mono- 

t 

and di-substituted heteroarylamino, mono- and di-heterocyclic amino, mono- 
and di-substimted heterocyclic amino, unsynmietric di-substituted amines 
having different substioiems selected from alkyI, substituted alkyU aryl, 

20 substituted aryl, heteroaryl, substimted heteroaryl, heterocyclic and 

substituted heterocyclic, and substituted aikenyl groups having amino groups 
blocked by conventional blocking groups such as Boc» Cbz, formyl, and the 
like, and alkenyl/substimted aikenyl groups substimted with -SO^-alkyi, - 
S^*5ubstimted alkyI, -SO^-alkenyl, -SOz-substimted aikenyl, -SOj- 

25 cycloalkyl. -SOj-substimted cycloalkyl, -SOj-aryl, -SOj-substimted aryl, - 
SOj-heicroaryK -SOj-substimted heteroaryl, -SOi-hetcrocyclic, -SOj- 
substinited heterocyclic and -SO^NRR where R is hydrogen or alkyl. 
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"Alkynyl" refers to an aJkynyl group preferably having from 2 to 10 
carbon atoms, and more preferably 3 to 6 carbon atoms, and having at least 
I, and preferably from 1-2, sites of alkynyl unsamration. 



, 5 "Substimted alkynyl" refers to alkynyl groups having from 1 to 5 

substituents selected from the group consisting of alkoxy, substimted alkoxy. 
acyi, acylamino* thiocarbonylamino, acyloxy, amino, amidino, 
alkylamidino, thioamidino, aminoacyl, aminocarbonylamino, 4 
aminothiocarbonylamino, aminocarbonyloxy, aryl, substimted aryl, aryloxy, 

10 substimted aryloxy, aryloxyaryl, substimted aryloxyaryl, halogen, hydroxyl, 
cyano, nitro, carboxyl, carboxylalkyl, carboxyl-substimted aikyl, carboxyl- 
3^ cycloalkyU carboxyl-substimted cycloalkyi, carboxylaryl, carboxyl- 

substimted aryl. carboxylheteroaryl, carboxyl-substimted heteroaryU 
carboxylhcterocyclic, carboxyl-substimted heterocyclic, cycloalkyi, 

IS substimted cycloalkyi, guanidino, guanidinosulfone, thiol, thioalkyi, 
substimted thioalkyi, thioaryl, substimted thioaryl, thiocycloalkyi, 
substimted thiocycloalkyi, thioheteroaryi, substimted thioheteroaryl, 
chioheterocycUc, substimted thioheterocyclic, heteroaryl, substituted 
heteroaryl, heterocyclic, substimted heterocyclic, cycloalkoxy, substimted 

20 cycloalkoxy, heteroaryloxy, substituted heieroaryloxy, heterocyclyloxy, 
substimted heterocyclyloxy, oxycarbonylamino, oxythiocarbonylamino, 
-OS(OValkyI, -OS(OVsubstimted alkyi, -OS(OVaryl, -0S(0)2.substimted 
aryl. -OS(OVlweroaryl, -OS(OVsubstimted heteroaryl, -OS(0)i- 
heterocyclic. -OS(OVsubstituted heterocyclic. -OSOj-NRR where R is 

25 hydrogen or alkyl, -NRSCOVaUcyl, -NRS(0)2-substimted alkyl. -NRS(0)j- 
atyl. -NRS(0),-substituted aryl, -NRS(OVbeten»ryl, -NRS(OVsubsiimted 
heteroaiyl. -NRSCOVheterocyciic. -NRS(0),-substimted heterocyclic. 
-NRS(0)rNR-alkyl, .NRS(OVNR-substimted alkyl. -NRS(OVNR-aiyl, 
-NRSCOVNR-substituted aryl, -NRS(0),-NR-heteroaryl, -NRS(0),-NR- 

30 substituted heteroaiyl, -NRS(0)i-NR-heterocyclic and -NRS(OVNR- 
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substituted heterocyclic where R is hydrogen or aikyl^ moao- and di- 
aUcylamino, mono- and di-(subsututed alkyDamino. mono- and di*arylaniino, 
mono- and di-substituted aryiamino, mono- and di-heteroarylamino, mono- 
and di-substituted heteroarylamino, mono- and di-hecerocyclic amino, mono- 
S and di-substimted heterocyclic amino, unsymmetric di-substituted amines 
having different substimems selected from allcyl, substimted aUcyl, aryl, 
substituted aryl, heteroaryl, substituted heteroaryU heterocyclic and 
substimted heterocyclic, and substituted alkynyl groups having amino groups 
blocked by conventional blocking groups such as Boc, Cbz, fonnyl, and the 
10 like, and alkynyl/substimted alkynyl groups substimted with -SO^-alkyl, 
-SOj-substituted alkyU -SO^-alkenyl, -SO^substimted alkenyU -SO^- 
cycloalkyl, -SOj-substituted cycloalkyU -SO^-aryl, -SOj-substimted aryl, 
•SOj-heteroaryl. -SOj-substituted beteroaryi, -SOj-heterocyclic, -SOj- 
substituted heterocyclic and -SOzNRR where R is hydrogen or alkyl. 

15 

"Amidino" refers to the group H2NC-, and the torn "alkylamidino" 

i 

NH 

refers to compounds having 1 to 3 allcyl groups (e.g.. alkylHNC-)- 

20 II 

NH 

"Thioamidino" refers to the group RSC*. where R is hydrogen or 

25 NH 
alkyh 



' Aminoacyl* refers to the groups •NRC(0)alkyl, 
•NRC(0)substituted alkyl. •NRC(0)cycloaikyK •NRC(0)subsUtuted 
30 cycloalkyl, -NRC(0)alkenyl. -NRC(0)substimted alkenyl, -NRC(0)alkynyl, 
-NRC(0)subsUtuted alkynyl. -NRC(0)aryl. -NRC(0)substimted aryl. 
-NRC(0)heteroaryl, -NRC(0)substituted heteroaryl, -NRC(0)heterocyclic, 
and •NRC(0)substituted heterocyclic where R is hydrogen or alkyl, and 
wherein alkyl, substimted alkyi. alkenyl, substiuted alkenyl. alkyiqrl. 
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substituted alkynyl, cycloalkyi, substituted cycioalkyi, aryl. substituted aryl, 
heteroaryK substituted heteroaryU heterocyclic and substituted heterocyclic 
are as defined herein. 

5 "Aminocarbonyloxy" refers to the groups -NRC(0)0-alkyl, 

-NRC(0)0-substinited allcyl, .NRC(0)0-alkenyK -NRC(0)0.substituted 
alkenyl, -NRC(0)0-alkynyU -NRC(0)0-substituted alkynyl, -NRC(0)0- 
cycloalkyl, -NRC(0)0-substituted cycloalkyK -NRC(0)0-aryl, /NRC(0)0- 
substituted aryl, -NRC(0)0-heteroaryl, -NRC(0)0-substituted hcteroaryl, 
10 -NRC(0)0-heterocyc!ic, and -NRC(0)0-substituted heterocyclic where R is 
hydrogen or alkyK and wherein alkyl, substituted alkyl, alkenyl* substituted 
alkenyl, alkynyi, substituted alkyi^l. cycloalkyl. substituted cydoalkyl, aiyl. ' 
substituted aiyl. heteroaiyl, substituted heteroaiyl, heterocyclic and 
substituted heterocyclic are as defined herein. 

15 

"Oxycarbonyiamino" refers to the groups -OC(0)NH, -OC(0)NRR, 
-OC(0)NR-alkyl. -OC(0)NR-substituted alkyl. -OC(0)NR-alkenyl, 
-OC(0)NR-substituted alkenyl, -OC(0)NR-alkynyl, -OC(0)NR-substituted' 
alkynyb -OC(0)NR-cycIoalkyI, -OC(0)NR-substituted cydoalkyl. 

20 -OC(0)NR-aryl, -OC(0)NR-substituted aryl, ^(O)NR-heteroaryl, 
•OC(0)NR-substioited heteroaryl.- OC(0)NR-heterocyclic, and 
•OC(0)NR-substituted heterocyclic where R is hydrogen, alkyl or where 
each R is joined to form, together with the nitrogen atom, a heterocyclic or 
substituted heterocyclic ring, and wherein alkyl, substituted alkyl. alkenyl. 

25' substituted alkenyl. alkynyi, substituted alkynyi, cycloalkyl, substinned 
cycloalkyl, aryl, substituted aryU heteroaryl, substituted heteroaryl, 
heterocyclic and substituted heterocyclic are as defined herein. 



30 



"Oxythiocarbonylamino" refers to the groups -OC(S)NHi, 
.OC(S)NRR, -OC(S)NR-alkyU ^C(S)NR-substituted alkyl. -OC(S)NR. 



alkenyl, -OC(S)NR-substitutecl alkenyi. .OC(S)NR-alkynyl, .OC(S)NR- 
subsiimted alkynyl. -OC(S)NR-cycloalkyl, -OC(S)NR-substituted cycloalkyl. 
-OC(S)NR-aryl, -OC(S)NR-substituteci aryK -OC(S)NR-heteroaryU - 
OC(S)NR-substituied heteroaryl, -OC(S)NR-heterocyclic, and 
-OC(S)NR-substicuted heterocyclic where R is hydrogen or alkyl, or where 
each R is joined to form, together with the nitrogen atom, a heterocyclic or 
substituted heterocyclic ring, and wherein alkyl, substituted alkyl, aikenyU 
substituted alkenyK aikynyl, substituted aikynyl, cycloaikyi, substituted 
cycloalkyl, aryl, substituted aiyi, heteroaryl, substituted heteroaryl, 
heterocyclic and substituted heterocyclic are as defined herein. 

** Aminocarbonyhunino" refers to the groups -NRC(0}NRR, 
-NRC(0)NR*alkyl. -NRC(0)NR-$ub$tituted aUcyU •NRC(0)NR-alkenyl, 
-NRC(0)NR-substituted alkenyi, -NRC(0)NR-aIkynyl. .NRC(0)NR- 
substituted aikynyl, -NRC(0)NR-aiyl, -NRC(0)NR-substituted aryi, 
-NRC(0)NR-cycloalkyl, -NRC(0)NR-substituted cycloalkyh -NRC(0)NR- 
heteroaryl, -NRC(0)NR-substituted heteroaryl, -NRC(0)NR-heterocyclic, ' 
and -NRC(0)NR*substituted heterocyclic where each R is independently 
hydrogen or alkyl, or where each R is joined to form, together with the 
nitrogen atom, a heterocyclic or substimted heterocyclic ring, as well as 
where one of the amino groups is blocked by conventional blocking groups 
such as Boc, Q>z, formyl, and the like, and wherein alkyl, substituted alkyi, 
dlktayl^ substituted. alkenyi, aikynyl, substituted aikynyl, cycloalkyl, 
substituted cycloalkyl, aryi, substimted aryl, heteroaryl, substituted 
heteroaryl, heterocyclic and substituted heterocyclic are as defined herein. 

"Aminothiocarbonylamino" refers to the groups -NRC(S)NRR, 
.NRC(S)NR-alkyK -NRC(S)NR.substituted alkyl, .NRC(S)NR*alkenyl, 
-NRC(S)NR-substituted alkenyi, .NRC(S)NR.alkynyl, •NRC(S)NR- 
substimted aikynyl, -NRC(S)NR-aryI, -NRC(S)NR-substitoted aryl. 
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-NRC(S)NR<ycioalkyK .NRC(S)NR-substituted cycloalkyl, -NRC(S)NR- 
heteroaryl, -NRC(S)NR-substituted heteroaryl, -NRC(S)NR-heterocyclic, 
and -NRC(S)NR-substiaiced heterocyclic where each R is independently 
hydrogen or alkyl, or where each R is joined to form, together with the 
3 nitrogen atom* a heterocyclic or substituted heterocyclic ring, as well as 
where one of the amino groups is blocked by conventional blocking groups 
such as Boc, Cbz, formyU and the like, and wherein alkyl, substimted alkyi, 
aikenyi, substituted alkenyi, alkynyU substimted aUcynyU cycloalkyl, 
substimted cycloalkyl, aryl, substimted aryl, heteroaryl, substimted 
10 heteroaryl, heterocyclic and substimted heterocyclic are as defined herein. 



"Aryl** or '*Ar" refers to an unsaturated aromatic carbocyclic group 
of from 6 to 14 carbon atoms having a single ring (e.g., phenyl) or multiple 
condensed rings (e.g., naphthyl or anthryl), which condensed rings may or 
15 may notbearoniatic(e.g., 2-benzoxazolinone, 2H-l,4-benzoxazin-3(4H)- 
one-7yl, and the like). Preferred aryb include phenyl and naphthyl. 

"Substimted aryl" refers to aryl groups which are substimted with 
from 1 to 3 substiments selected from the group consisting of hydroxy, acyl, 

20 acylamino, thiocarbonylamino, acyloxy, alkyl, substimted alkyl, alkoxy, 

substituted alkoxy, aikenyi, substimted alkenyi, alkynyl, substimted alkynyl, 
amidiso* alkylamidino, thioamidino, amino, aminoacyl, aminocarbonyloxy, 
aminocarbonylamino, amisothiocarbonylamino, aryU substituted aryl, 
aryloxy, substimted aryloxy, cycloalkoxy, substituted cycloalkoxy, 

25 heteroaryloxy, substimted heteroaryloxy, heterocyclyloxy, substimted 
heterocyclyloxy, carboxyl, carboxylalkyl, carboxyl-substimted alkyl, 
carboxyl-cycloalkyl, carboxyl-substimted cycloalkyl, carboxylaryl, carboxyl 
substimted aryl, carboxylheteroaryl, carboxyl-substituted heteroaryl, 
carboxylheterocyclic, carboxyl-substimted heterocyclic, carboxylamido, 

30 cyano, thiol, thioalkyl, substimted thioalkyl, thioaryl, substimted thioaryl. 
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thioheteroaryU substituted thioheteroaryi, thiocycloaikyi, substituted 
thiocycloalkyl, thioheterocyciic, substituted thioheterocyclic, cycloalkyl, 
substituted cycioalkyi, guanidino. guanidinosulfone, halo, nitro, heteroaryl, 
substituted heteroaryU heterocyclic, substituted heterocyclic, 
S oxycarbonylamino, oxythiocarbonylamino, •S(OVaIkyl, -S(OVsubstituted 
aikyl, -S(0)2-cycIoalIcyK -SCOVsubstituted cycloalkyi, -S(0)2-alkenyl, 
-S(0)2-substituted alkcnyU -S(0)2-aryl, -S(0)2-substituted aryl^-S(0)i- 
heteroaryl, -S(0)2-substimted heteroaryl, -S(0)2-heterocyclic, -S(OV 
substituted heterocyclic, -OSCOValkyU -OSCOVsubstituted alkyU 

10 -0S(0)2-aryl, -OS(OVsubstituted aryK -OS(0)2-heteroaryl, -OS(0)j- 
substituted heteroaryl, *OS(OVheterocycliCt -0S<0)2-substituted 
heterocyclic, -OSOj-NRR where R is hydrogen or all^l. -NRS(0 Vallcyl, 
-NRS(OVsubstituted alkyi, -NRSCOVaryU -NRSCOVsubstituted aryl, 
-NRS(0)2-heteroaryl, -NRS(0)2-substitutcd hcteroaiyU -NRSCO),- 

15 heterocyclic, -NRSCOVsubstituted heterocyclic, -NRSCO^NR-alkyl, 
-NRS(OVNR-substituted alkyl, -NRS(OVNR-aryl, -NRS(0)2-NR- 
substimted aryl, -NRSCOVNR-heieroaryl, -NRS(OVNR-substituted 
heteroaryl, -NRS(OVNR-heterocyclic and -NRS(OVNR-substituted 
heterocyclic where R is hydrogen or alkyi, mono* and di-alkylamino, mono- 

20 and di-(substituted alkyl)amino, mono- and di-aryiamino, mono- and di- 
substituted arylamino, mono- and di-heteroarylamino, mono- and di- 
substituted heteroarylamino, mono- and di-heterocyclic amino, mono- and 
di-substituted heterocyclic amino, unsymmetric di-substituted amines having 
different substituents selected from aikyl, substimted alkyl, aryl, substituted 

25 aryl, heteroaryl, substituted heteroaryl, heterocyclic and substituted 
heterocyclic, and amino groups on the substituted aryl blocked by 
conventional blocking groups such as Boc, Cbz, formyl, and the like, or 
substituted widi -SOjNRR wbm R is hydrogen or alkyh 
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'*Aryloxy" refers to the group aryl-O- which includes, by way of 
example, phenoxy, naphthoxy. and the like. 

''Substituted aryloxy" refers to substituted aryl-O- groups. 

5 

"Aryloxyaryi" refiers to the group -aryl-O-aryl. 

-Substituted aryloxyaryl* refers to aryloxyaryl groups substituted 
with from 1 to 3 substituents on either or both aryl rings selected from the 

10 group consisting of hydroxy, acyU acylamino, thiocarbonylamino, acyloxy, 
alley!, substimted alkyK alkoxy, substimted alkoxy, alkenyi, substimted 
alkenyl, alkynyU substituted alkynyl, amidino, alkylamidino, thioamidino, 
amino, aminoacyl, aminocarbonyloxy, aniinocarbonylamino* 
aminothiocarbonylamino, aryl, substituted aryl, aryloxy, substituted aryloxy, 

IS cycloalkoxy, substimted cycloalkoxy, heteroaryloxy, substituted 

heteroaiyloxy, heterocyclyloxy, substituted heterocyclyloxy, carboxyl, 
carboxylalkyi, carboxyt-substituted ailcyl, carboxyl<ycIoalkyl, carboxyl- . 
substituted cycloalkyi, carboxylaryl, carboxyl-substimted aryl, 
carboxylteteroaryl, carboxyl-substimted heteroaryl, carboxylheterocyclic, 

20 carboxyl-substituted heterocyclic, carboxylamido, cyano, thiol, thioalkyl, 
substituted thioalkyl, thioaryl, substimted thioaryl, thioheteroaryl, 
substituted thioheteroaryl, thiocycloalkyi, substimted thiocycloalkyU 
thiobeterocyclic, substimted thiohMrocyclic, cycloalkyi, substituted 
cycloalkyi, guanidino, guanidinosulfone, halo, nitro, heteroaryl, substimted 

25^ heteroaryl, heterocyclic, substimted heterocyclic, oxycarbonylamino, 
oxythiocarbonylamino, -SCOV^K -S(OVsubstituted alkyl, -S(OV 
cycloalkyl, -S(OVsubstimted cycloalkyi, -S(OV^nylt -SCOVsubstituted 
alkenyl, -SCOVaryl. -S(OVsubstimted aryl, -SCOVhcteroaryl. -SCOV 
substituted heteroaryl, -S(0)2-heterocyclic, -S(0)2-substituted heterocyclic, 

30 -0S(0)2-alkyl, -OS(OVsubstimted alkyi, -OSCOVaryl. -OS(OVsubstimted 
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aryl, -OS(0)2-heteroaryl, -0S(0)2-substituted heteroaryU -0S(0)2- 
heterocyclic, -0S(0)2-substitutcd heterocyclic, -OSO2-NRR where R is 
hydrogen or aUcyl, -NRS(0)i-allcyl, -NRS(0)2-substitutcd alkyl, -NRS(0)2. 
aryl, -NRS(OVsubstituted aryl, -NRS(0)j-heteroaryU -NRS(0)2-substituted 
5 hetcroaryl, -NRS(0)2-heterocyclic, -NRS(0)2-substituted heterocyclic, 
-NRS(0)rNR-aUcyl, -NRS(0)j-NR-substituted aikyl. -NRS(0)2-NR-aryl, 
-NRS(0)j-NR-subsiituted aryl, -NRS(0)2-NR-heieroaryl, -NRS(0)2-NR- 
substituted heteroaryK -NRS(0)2-NR-heterocyciic and -NRS(0)2-NR- 
substimted heterocyclic where R is hydrogen or alkyU mono- and di- 

10 aikyiamino, mono* and di*(substituted alkyOamino, mono- and di-arylamino, 
mono- and di-substituted arylamino, mono- and di-heteroarylamino, mono- 
and di-substinited heteroarylamino, mono- and di-heterocyciic amino, mono- 
and di-5ubstituted heterocyclic amino, unsymmetric di-substimted amines 
having different substituents selected from alkyi, substituted alkyl, aryl, 

IS substituted aryl, heteroaryl, substituted heteroaryl, heterocyclic and 

substituted heterocyclic, and amino groups on the substituted aryl blocked by 
conventional blocking groups such, as Boc, Cbz, formyl, and the like, or ' 
substinited with -SO2NRR where R is hydrogen or alkyl. 

20 "Cycloalkyl" refers to cyclic alkyl groups of from 3 to 8 carbon 

atoms having a single cyclic ring including, by way of example, cyclopropyl, 
cyclobutyl, cyclopentyl, cyclooctyl and the like. Excluded from this 
d^nition are multi-ring alkyl groups such as adamantanyi, etc. 

2S * '*Cycloalkenyi" refers to cyclic alkenyl groups of from 3 to 8 carbon 
atoms having single or multiple unsaturation but which are not aromatic. 

**Substituted cycloalkyl" and "substituted cycloalkenyl" refer to 
cycloalkyl and cycloalkenyl groups, preferably of from 3 to 8 carbon atoms, 
30 having from 1 to S substituents selected from the group consisting of 0x0 
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(=0), thioxo (==S), alkoxy, substituted alkoxy, acyl, acylaraino, 
thiocarbonylamino, acyloxy, amino, amidino» alkylamidino, thioamidino, 
aminoacyl, aminocarbonyiamino, aminothiocarbonylamino* 
aminocarbonyloxy. aryl, substituted aryl, aryloxy, substituted aryloxy, 

5 aryloxyaryl, substituted aryloxyaiyl, halogen, hydroxyl, cyano, nitro, 
carboxyl, carboxylaikyi, carboxyl-substituied alkyi, carboxyi-cycloaikyi, 
carboxyl-substimtcd cycloalkyi, carboxylaryl, carboxyl-subsiimtcd aryl, 
carboxylheteroaryU carboxyl-substitutcd heteroaryl, carboxylhetprocyclic^ 
carboxyl-substituted heterocyclic, cycloalkyi, substimted cycloalkyi. 

10 guanidino, guanidinosulfone, thiol, thioalkyl, substituted thioalkyl, thioaryl, 
substituted tbioaryU thiocycloalkyl, substituted thiocycioalkyl, 
thioheteroaryl. substituted thioheteroaryl, thioheterocyclic, substituted 
thioheterocyclic, heteroaryU sxibstimted heteroaryl, heterocyclic, substituted 
heterocyclic, cycloalkoxy, substimted cycloalkoxy, heteroaryloxy, 

15 substituted heteroaryloxy, hcterocyclyloxy, substituted heterocyclyloxy, 
oxycarbonylamino, oxythiocarbonylamino, -0S(0)2-alkyl, -OSCOV 
substituted aikyl, -OSCOVaryl, -OS(OVsubstituted aryl, -OS(OVheteroaryl, 
-OS(0)i-substituted heteroaryl, -OS(0),-heterocyclic. -C)S(0),-substituted 
heterocyclic, -OSO,-NilR where R is hydrogen or alkyl, 

20 -NRS(0),-alkyl. -NRS(0)i-substituied alkyl, -NRS(OVaryl, -NRS{OV 
substituted aryl. .NRS(0)2-hcteroaiyl. -NRS(0)i-substiiuted heteroaryl, 
-NRS(0)2->wBrocyclic, -NRS(0),-substituted heterocyclic, 
-NRS(OVNR-alkyl, -NRS(0),-NR-substitutBd alkyl, -NRS(0),-NR-aryl. 
-NRS(0)2-NR-substicuted aryl, -NRS(0),-NR-heteroaryl, -NRS(0),-NR- 

25 substituted heteroaryl. -NRS(0),-NR-heterocyclic and -NRS(0),-NR- 
substituted heterocyclic where R is hydrogen or alkyl, mono- and di- 
aikylamino, mono- and di-<substimted alkyDamino, naono- and di-arylamino, 
mono- and di*substituted arylamino, mono- and di*heteroarylanuno, mono- 
and di-substituted heteroarylamino, mono- and di-heterocyclic amino, mono- 

30 and di-substimted heterocyclic amino, unsymmetric di-substituted amines 
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having different substituents selected from alkyl, substituted allcyl, aryl, 
substituted aryK heteroaryl, substituted heteroaryi, heterocyclic and 
substituted heterocyclic, and substituted alkynyl groups having amino groups 
blocked by conventional blocking groups such as Boc, Cbz, formyl, and the 
S like, and alkynyl/substituted alkynyl groups substituted with -SO^-alkyl, 
-SOj'Substituted alkyl, -SOj-alkenyU -SOz-substinued alkenyi, -SOj- 
cycloalkyl. -S02-substituted cyctoalkyK -SOz-aryU -SOj-substiotted aryl, 
•SOrheteroaryl, -SOj-substituted beteroaryl, -SOj-heterocyclic, -SO^- 
substituted heterocyclic and ^SOzNRR where R is hydrogen or alkyl. 

0 

"Cycloalkoxy" refers to -0-cycloaikyl groups^. 

"Substituted cycloalkoxy? refers to -0-substituted cycloalkyl groups. 



IS '^Guanidmo" refers to the groups *NRC(»NR)NItR, 

-NRC(=NR)NR-alkyl; .NRC(«NR)NR-substituted alkyl, .NRC(==NR)NR- 
alkenyU -NRC(«NR)NR-substiaited alkenyU -NRC(«NR)NR-alkynyU 
-NRC(=NR)NR-substituted alkynyl; .NRC(»NR)^^R.aryl, 
-NRC(=NR)NR-substituted atyK -NRC(=NR)NR-cycloalkyl, 

20 -NRC(«NR)NR.substituted cycloalkyl, -NRe(«NR)NR-heteroaryU 

-NRC(«NR)NR-substiaited heteroaryl, -NRC(»NR)NR-heterocyclic, and 
-NRC(»NR)NR-substituted heterocyclic where each R is independently 
hydrogen and alkyl, as well as where one of the amino groups is blocked by 
conventional blocking groups such as Boc, Cbz, formyl, and the like, and 

25 wherein alkyl, substituted alkyl, aikenyl, substituted alkenyl, alkynyl, 

substituted alkynyl, cycloalkyl, substituted cycloalkyl, aryl, substituted aryl, 
heteroaiyl, substituted heteroaryl, heterocyclic and substituted heterocyclic 
are as defined herein. 
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"Guanidinosulfone" refers to the groups .NRC(=NR)NRSOi-alkyl. 
-NRC(=NR)NRSOi-substituted allcyl. -NRC(=NR)NRSOi-alkenyl. 
-NRC(=NR)NRSOj-substituted alkenyl. .NRC(=NR)NRSOi-alkynyl, 
-NRC(=NR)NRSO:-subsiimted alkynyl. -^fRC(=NR)NRSO^-aryl. 
-NRC(=NR)NRSO:-substituted aryl. -NRC(=NR)NRSO,-cycloalkyl. 
-NRC(=NR)NRS02-substituted cyc'oalkyl. -NRC(=NR)NRSO:-heteroaryl, 
-NRC(='NR)NRS02-substituted hetcroaiyl. -NRC(=«NR)NRS02- 
heterocyclic, and -NRC(=NR)NRS02-substituted heterocyclic 4where each R 
is independently hydrogen and alkyl. and wherein alkyl. substituted alkyl. 
alkenyl, substinited alkenyl. alkynyl, substituted alkynyl, cycloalkyi, 
substituted cycloalkyi. aryl, substituted aryl, heteroaiyl. substituted 
heteroaryl. heterocyclic and substinited heterocyclic are as defined herein. 

"Halo" or "halogen" refers to fluoro. chloro, bromo and iodo and 
15 preferably is either chloro or bromo. 

"Heteroaryl" refers to an aromatic carbocyclic group of from 2 to 10 
carbon atoms and 1 to 4 heteroatoms selected from oxygeoi nitrogen and 
sulfiir within the ring. Such heteroaryl groups can have a single ring (e.g., 
20 pyridyl or fUryl) or multiple condensed rings (e.g. , indolizinyl or 

benzothienyl). Preferred heteroaryls include pyridyl. pynolyl, indolyl and 
furyl. 

•Substituted heteroaryl" refers to heteroaryl groups which are 
25 . substinited widi from 1 to 3 substituents selected from the group consisting 

of hydroxy, acyl, acylamino, diiocarbonylamino. acyloxy. alkyl, substimicd 

alkyl. alkoxy, substinited alkoxy, alkenyl. substinited alkenyl, alkynyl. 

substinited alkynyl. amidino, alkylamidino. thioamidino. amino, aminoacyl. 

aminocarbonyloxy, aminocarbonylamino, aminothiocarboiqrlamino. aryl. 
30 substinited aryl. aryloxy. substinited aryloxy, cycloalkoxy, substinited 



10 
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cycloalkoxy, heteroaryloxy, substituted hcteroaryloxy, heterocyclyloxy. 
substituted hecerocyclyloxy, carboxyl, carboxylalkyl, carboxyl-substituted 
alkyU carboxyi-cycloalkyl, carboxyl-substituted cycioaikyi, carboxylaryl, 
carboxyl-substituted aryl, carboxylheteroaryi, carboxyl-substituted 
S heteroaryl, carboxyiheterocyclic, carboxyl-substituted heterocyclic, 
carboxylamido, cyano, thiol, thioalkyl, substituted thioaikyi, thioaryl, 
substituted thioaryl, thioheteroaryl, substituted thioheteroaryl, ^ 
thiocycloalkyi, substituted thiocycloalkyU thioheterocyclic, substituted 
thioheterocyclic, cycloaUcyl, substituted cycloalkyU guanidino, 

10 guanidinosuifooe, halo, nitro, heteroaiyl, substituted heteroaryl, 
heterocyclic, substituted heterocyclic, oxycarbonylamino, 
oxyihiocarbonylamino, -S(OValkyl, -S(0)2-substituted alkyl, -S(OV 
cycloalkyl, -SCOVsubstituted cydoalkyi, -S(0V^e2iyl, -S(0)2-substituted 
alkenyl, -S(OVaryl, -S(OVsubstituted aryl, -S(0)2-heteroaryl, -SCOV 

15 substituted heteroaryl, -S(0)2-heterocyciic, -S(0)2-substituted heterocyclic, 
-OS(OValkyK -OSCOVsubstituted alkyl, -0S(0)2-aryl, -OS(OVsubstituted 
aryl, -OS(0)i-hettK>aryl, -0S(O)2-substituted heteroaryl, -OSCOV 
heterocyclic, -OS(OVsubstituted heterocyclic, -OSOj-NRR where R is 
hydrogen or alkyl, -NRS(0)i-alkyU -NRS(OVsubstituted alkyl, .NRS(OV 

20 aryl, -NRS(OVsubstituted aryl, -NRS(OVheteroaryl, -NRS(0)j-substituted 
heteroaryU -NRSCOVheterocyclic, -NRS(OVsubstituted heterocyclic, 
-NRS(0)2-NR-aIkyl, -NRS(OVNR-substituted alkyl, -NRS(0)2-NR-aryU 
-NRS(OVNR-substttuted aryl, -NRS(OVNR-hcteroaryl, -NRS(OVNR- 
subsdiutcd heteroaryl. -NRS(OVNR-h«crocyclic and -NRS(0)2-NR- 

25 substituted heterocyclic where R is hydrogen or alkyl, mono- and di- 

alkylamino, mono- and di-(substituted alkyl)amino, mono* and dt-arylamino, 
mono* and di-substituted aiylamino, moix>- and di-heteroarylamino, mono- 
and di-substituted heteroarylamino, mono- and di*heterocyclic amino, mono- 
and di-substituted heterocyclic amino, unsymmetric di-substituted amines 

30 having different substiments selected from alkyl, subsdtuted alkyl, aryl. 
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substituted aryL heteroaryl, substituted heteroaryi, heterocyclic azul 
substituted heterocyclic, and amino groups on the substituted aryl blocked by 
conventional blocking groups such as Boc, Cbz, formyl, and the like, or 
substituted with -SO2NRR where R is hydrogen or alkyl. 

5 

"Heteroaryloxy" refers to the group -0-heteroaryl and "substituted 
heteroaryloxy'* refers to the group -Osubstituted heteroaryl. 

^'Heterocycle" or -heterocyclic" refers to a saturated or unsaturated 
10 group having a single ring or multiple condensed rings having from 1 to 10 
carbon atoms and from 1 to 4 hetero atoms selected from nitrogen, sulfur or 
oxygen within the ring wherein, in fused ring systems, one or more the rings 
can be aryl or heteroaryl. 

IS "Saturated heterocyclic' refers to heterocycles of single or multiple 

condensed rings lacking unsaturatioa in any ring (e.g., carbon to carbon 
unsaturation, carbon to nitrogen unsaturation, nitrogen to nitrogen 
unsaturation, and the like). 

20 -Unsamrated heterocyclic" refers to non-aromatic heterocycles of 

single or nmltiple condensed rings having unsaturkdon in any ring (e.g., 
carbon to carbon unsaturation, carbon to nitrogen unsaniration* nitrogen to 
nitrogen unsaturation, and the like). 

25 "Substimted heterocyclic" refers to heterocyde groups which are 

substituted with from 1 to 3 substiments selected from the group consisting 
of 0x0 (»0), thioxo (-S), alkoxy, substituted alkoxy, acyl, acylamino, 
thiocarbonylamino, acyloxy, amino, amidino, alkylamidino, thioamidino, 
aminoacyU aminocarbonylamino, aminothiocarbonylamino, 

30 aminocarbonyloxy, aryl. substimted aryl. aryloxy, substimtcd aryloxy. 
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aryloxyaryK substituted aryloxyaryl, halogen, hydroxyl. cyano, nitro, 
carboxyl, carboxylalkyi, carboxyl-substituted alkyl, carboxyl^ycloallcyl, 
carboxyl-substjtuted cycloalkyl. carboxylaryl, carboxyl-substituted aryU 
carboxyihcteroaryl, carboxyl-substituted heteroaryl, carboxylheterocyclic, 

5 carboxyl-substituted heterocyclic, cycloaikyU substituted cycloalkyi, 

guanidino. guanidinosulfone, thioK thioalkyU substituted thioalkyl, thioaryU 
substituted thioaryl, thiocycloalkyh substituted chiocycloallcyl, ^ 
thioheteroaryl, substituted thioheteroaryh thioheterocyclic, substituted 
thioheterocyclic, heteroaryl, substituted heteroaryl, heterocyclic, substituted 

10 heterocyclic, cycloalkoxy, substituted cycloalkoxy, heteroaryloxy, 

substituted heteroaryloxy, heterocyclyloxy, substituted heterocyclyloxy, 
oxycarbonylamino, oxythiocarbonylaxnino, -OS(OValkyl, -OS(OV 
substituted alkyi, -OS(OVaryU -0S(0)2-substituted aryl, -OS(0)2-heteroaryl, 
-OS(OVsubstituted heteroaryl, -OSCOVheterocyclic, -OS(OVsubstitutcd 

15 heterocyclic, -OSOj-NRR where R is hydrogen or alkyl, 

-NRS(0)2-alkyl, .NRS(OVsubstitutcd alkyi, -NRS(OVaryl, -NRS(0)i- 
substituted aiyi. -NRS(OVhcteroaryl. -NRS(0)i-substituted heteroaryl, 
-NRS(0),-lMterocyclic, -NRS(0),-substitute<i heterocyclic. 
-NRS(OVNR-alkyl, -NRS(OVNR-substituted alkyl. -NRS(OVNR-aryl. 

20 -NRS(OVNR-substituted aryl, -NRS(OVNR-h«eroaryl. -NRS(0),-NR- 
substituted heteroaryl. -NRS(0),-NR-heterocycHc and -NRS(OVNR- 
substitutBd heterocyclic where R is hydrogen or alkyl, mono- and di- 
alkylamino, mono- and di-(substiiuted aIkyl)amino, mono- and di-arylamino. 
mono- and di-substimted arylamino, mono- and di-heteroarylamino. mono- 

♦ 

25 and di-substituted beteroarylamino, mono- and di-heterocyclic amino, mono- 
and di-substituted heterocyclic amino, unsymmetric di-substituted amines 
having different substiwents selected from alkyl, substimted alkyl, aryl, 
substituted aryl, heteroaryl, substituted heteroaryl, heterocyclic and 
substituted heterocyclic, and substimted alkynyl groups having aniino groups 

30 blocked by conventional blocking groups such as Boc, Cbz, formyl, and the 
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like, and alkynyi/substituted alkynyl groups substituted with -SO^-alkyl, 
-SOj-substimted alkyl, -SO^-alkenyl, -SOj-substituted alkcnyl, -SOj- 
cycloalkyl, -SOj-substituted cycloalkyl. -SOj-aryi, -SOx-substituted aryl, 
-SOi-hcteroaryl, -SOj-substituted heteroaryl. -SOj-heterocyciic, -SOj- 
5 substituted heterocyclic and -SOjNRR where R is hydrogen or alkyl. 

Examples of heterocycles and heteroaryls include, but are not limited 
to, pyrrole, imidazole, pyrazole, pyridine, pyrazine, pyrimidine^ pyridazine, 
indolizine, isoindole, iiKlole, dihydroindole, indazole, purine, quinolizine, 

10 isoquinoiine, quinoline, phthalazine, naphthylpyridine, quinoxaline, 

quinazoline, cinnoline, pteridine, carbazole, carboline, phenanthridine, 
acridine, phenanthroiine, isothiazole, phenazine, isoxazole, phenoxazine, 
phenothiazine, imidazolidine, inudazoline, piperidine, piperazine, indoline, 
phthalimide, 1,2,3,4-tetrahydroisoquinoline, 4,5,6,7- 

15 tetrahydrobenzo[b]thiophene, thiazole, thiazolidine, thiophene^ 

benzo[b]thiophene, morpholino, thiomorpholino, piperidinyU pyrrolidine, 
tetrahydrofiiranyU and the like. 

"Saturated substituted heterocyclic" refers to substituted heterocycles 
20 of single or multiple condensed rings lacking unsaturation in any ring (e.g., 
carboa to carbon unsaturation, carbon to nitrogen unsaturation, nitrogen to 
nitrogen unsaniration, and the like). 

"Unsaturated substituted heterocyclic" refers to non-aromatic 
25 substimted heterocycles of single or multiple condensed rings having 
unsaniration in any ring (e.g., carbon to carbon unsaturation, carbon to 
nitrogen imsaturation, nitrogen to nitrogen unsaturation, and the like). 



30 



"Heterocyclyloxy" refers to the group -O-heterocyclic and 
"substituted heterocyclyloxy" refers to the group -O-substituted heterocyclic. 
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' Thior refers to the group -SH. 

"ThioaUcyl" refers to the groups -S-alkyl 

5 "Substituted thioaUcyl' refers to the group -S*substituted alkyl. 

"Thiocycloalkyl* refers to the groups -S-cycloalkyl. 

''Substituted thiocycloalkyl" refers to the group -S-substicuted 
10 cycloalkyl. 

'*Thioaryl' refers to the group -S-aryl and "substituted thioaryl" 
refers to die group -S-substituted aryl. 

IS "Thioheteroaryr refisrs to the group -S-heteroaryl and "substituted 

thioheteroaryi" refers to the group -S-substituted heteroaryl. 

"Thioheterocyclic" refers to the group -S-heterocyclic and 
"substituted thioheterocyclic" refers to the group -S-substituted heterf)cyclic. 

20 

"Phaimaceutically acceptable salt" refers to phannaceutically 
acceptable salts of a compound of formula I or lA, which salts are derived 
from a variety of organic and inorganic counter ions well icnown in the art 
and includet by way of exanq)le only, sodium, potassium, calcium* 
25 magnesium, ammonium, tetraalkylammonium, and the like; and when the 
compound of formula I or lA contains a basic functionality, salts of organic 
or inorganic acids, such as hydrochloride, hydrobromide, tartrate, mesylate, 
acetate, maleate, oxalate and the like. 
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Compound Pr^pai^f jnq 

The compounds of this invention can be prepared from readily 
available starting materials using the following general methods and 
5 procedures. It will be appreciated that where typical or preferred process 
conditions (i.e., reaction temperatures, times, mole ratios of reactancs, 
solvents, pressures, etc.) are given, other process conditions can also be used 
unless otherwise stated. Optimum reaction conditions may vary with the 

4 

particular reactants or solvent used, but such conditions can be determined 
10 by one skilled in the art by routine optimization procedures. 

Additionally, as will be apparent to those skilled in the art, 
conventional protecting groups may be necessary to prevent certain 
functional groups from undergoing undesired reactions. Suitable protecting 
IS groups for various functional groups as well as suitable conditions for 

protecting and deprotecting particular functional groups are well known in 
the art. For example, numerous protecting groups are described in T. W. 
Greene and O. M. Wuts, Protecting Groups in Organic Synthesis, Second * 
Edition^ Wiley, New York, 1991, and references cited therein. 

20 

Furthermore, the conqpounds of this invention will typically contain 
one or more chiral centen. Accordingly, if desired, such compounds can be 
prepared or isolated as pure stereoisomers, i.e., as individual enantiomers or 
diastereomen, or as stereoisomer-enriched mixtures. All such stereoisomers 

25 (and eiiriched mixtures) are included within the scope of this invention, 

\Mess otherwise indicated. Pure stereoisomers (or enriched mixtures) may 
be prepared using, for example, optically active starting materials or 
stereoselective reagents well-known in the art. Alternatively, racemic 
mixtures of such compounds can be separated using, for example, chiral 

30 colunm chromatography, chiral resolving agents and the like. 



wo 99/06436 PCT/US98/15327 

53 " 

In a preferred method of synthesis, the compounds of formulas I and 
lA, wherein Q is -C(0)NR'% are prepared by first coupling an amino acid of 
formula II: 



I 

R^-NH-C-COOH II 



R^ 



wherein R^ and R^ are as defined in formulas I and IA» and is hydrogen, 
with a sulfonyl chloride of formula ID: 

R'-SOj-Cl in 

wherein R' is as defined in formulas I and lA, to provide an iV-sulfonyl 
amino acid of formula IV: 

R^ 

'I 

R'-S02-N(R*)-C-C00H IV 

I 

R* 



wherein R'-R* are as defined above. 

This reaction is typically conducted by reacting the amino acid of 
formula II with at least one equivalent, preferably about 1.1 to about 2 
equivalents, of sulfonyl chloride m in an inert diluent such as 
dichloromethane and the like. Generally, the reaction is conducted at a 
temperature ranging from about -70^C to about 40''C for about 1 to about 24 
hours. Preferably, this reaction is conducted in the presence of a suitable 
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base to scavenge the acid generated during the reaction. Suitable bases 
include, by way of example, tertiary amines, such as triethylamine, 
diisopropylethylamine, AT-methylmorpholine and the like. Alternatively, the 
reaction can be conducted under Schocten-Baumann-type conditions using 
S aqueous alkali, such as sodium hydroxide and the like, as the base. Upon 
completion of the reaction, the resulting ^*sulfonyl amino acid IV is 
recovered by conventional methods including neutralization, extraction, 
precipitation, chromatography, filtration and the like. 

10 The amino acids of formula Q employed in the above reaction are 

either known compounds or compounds that can be prepared from known 
compounds by conventional synthetic procedures. Exanq>les of suitable 
amino acids for use in this reaction include, but are not limited to, L-proline, 
n'ani-4-hydroxyl-L*proline, cii-4-hydroxyl-L-proline, //aw-3-phenyl-L- 

15 proline, cu-3-phenyl*L-proline, L-<2-methyl)proline, L*pipecolinic acid, L- 
indoIine-2-carboxylic acid, L-l,2,3,4-tetrahydroisoquinoline-3-carboxylic 
acid, L-thiazolidine-4-carboxylic acid, L-(5,5*dimethyl)thiazolidine-4- 
carboxylic acid, L-thiamorpho!ine-3-^boxylic acid, glycine, 2-tert^ 
butylglycine, D,L-phenylgiycine, L-alanine, a-methylaianine, A/-methyl-L- 

20 phenylalanine, L-diphenylalanine, sarcosine, D,L-phenylsarcosine, L- 
aspartic acid P-/^rr-butyl ester; L-glutamic acid y-f^^-butyl ester, lAP- 
benzyl)sms0, 1-aminocyclopropanecarboxylic acid, 1* 
aminocyclobutanecarboxylic acid, 1-aminocyclopentanecarboxylic acid 
(cydoleucine) 1-aminocyclohexanecarboxylic acid, L-serine and the like. If 

IS- desired, the corresponding carboxylic acid esters of the amino acids of 
formula II, such as the methyl esters, ethyl esters and the like, can be 
employed in the above reaction with the sulfonyi chloride in. Subsequent 
hydrolysis of the ester group to the carboxylic acid using conventional 
reagents and conditions, i.e., treatment with an alkali metal hydroxide in an 
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inert diluent such as mcthanol/water, then provides the iV-sulfonyl amino 
acid IV. 

Similarly, the sulfonyl chlorides of formula III employed in the above 
5 reaction are either known compounds or compounds that can be prepared 
from known compounds by conventional synthetic procedures. Such 
compounds arc typically prepared from the corresponding sulfonic acid, i.e., 
from compounds of the formula R'-SOjH where R* is as defined above, 
using phosphorous trichloride and phosphorous pentachioride. This reaction 

10 is generally conducted by contacting the sulfonic acid with about 2 to S 

molar equivalents of phosphorous trichloride and phosphorous pentachioride, 
either neat or in an inert solvent, such as dichloromethane, at a temperaoire 
in the range of about O^'C to about 80*'C for about 1 to about 48 hours to 
afford the sulfonyl chloride. Alternatively, the sulfonyl chlorides of formula 

IS m can be prepared from the corresponding thiol conqx>und, i.e., from 

compounds of the formula R'-SH where R^ is as defined above, by treating 
the thiol with chlorine (CI2) and water under conventional reaction 
conditions. 

20 Examples of sulfonyl chlorides suitable for use in this invention 

inchide, but are^not limited to, methanesulfonyl chloride, 2-propanesulfonyl 
chlcMTide, 1-butanesulfonyl chloride, benzenesulfonyl chloride, 

1- naphthalenesulfonyl chloride, 2-naphthalene$ulfonyl chloride, 
/Mohieitfsulfonyl chloride, a-toluenesulfbnyl chloride, 

25 4-acetamidobenzenesulfonyl chloride, 4-amidinoben»nesulfonyl chloride, 
4-rm-butylbenzenesulfonyl chloride, 4-bromobenzenesulfonyl chloride, 

2- carboxybezizenesulfonyl chloride, 4-cyanobenzenesulfonyI chloride, 
3,4-dichlorobenzenesulfonyl chloride, 3,5Hlichlorobenzenesulfonyl chloride, 
3,4-dimethoxybenzenesulfonyl chloride, 3,5- 

30 ditrifluoromethyibenzenesulfonyl chloride, 4-fluorobenzenesulfonyl chloride. 
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4-methoxybenzcnesulfonyl chloride, 2-methoxycarbonylbenzenesulfonyl 
chloride, 4-methylainidobeiizenesulfoiiyl chloride, 4-Qitrobetizenesulfonyl 
chloride, 4-thioamidobenzenesulfonyl chloride, 4- 
trifluoromethylbenzeziesulfonyl chloride, 4-trifIuoromethoxybeiizeiiesulfonyl 
chloride, 2,4,6*trimethylbenzeiiesulfonyl chloride, 2-pheQylethanesulfoayl 
chloride, 2-thiopbenesulfonyi chloride, S-chloro-2-tbiophenesiLlfonyl 
chloride, 2,5-dichloro-4-thiopheiiesulfonyl chloride, 2*thiazo!esulfonyl 
chloride, 2-methyl-4-thiazolesulfonyl chloride, l-niethyi<4-iinidazolesulfoayl 
chloride, l-niethyl-4-pyra2oicsulfonyl chloride, 5'Chlon>-l,3-dimethyl-4- 
pyrazolesulfonyl chloride, 3-pyridinesulfonyl chloride, 2-pyriinidiiiesulfonyl 
chloride and the like. If desired, a sulfonyl fluoride, sulfbnyl bromide or 
sulfonic acid anhydride may be used in place of the sulfonyl chloride in the / 
above reaction to form the A^sulfonyl amino acids of formula IV. 

The compounds of formula I are then prepared by coupling the 
intermediate ^-sulfonyl amino acid of formula IV with an amino acid 
derivative of formula VI: 

O 
I 

R^NH-CH-C-R* VI 



wherein R^-R^ are as in formulas I and lA. This coiq)ling reaction is 
typically conducted using well-known coupling reagent such as 
carbodiimides, BOP reagent (benzotriazol-I-yloxy- 
tris(dimethylamino)phospbonium hexafhiorophosphonate) and the like. 
Suitable carbodiimides include, by way of example^ 
dicyclohexylcarbodiimide (DCC), H3*dimecbylaminc9ropyl)-3- 
ethylcarbodiimide (EDC) and the like. If desired, polymer supported forms 
of carbodiimide coupling reagents may also be used inchiding, for example. 
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those described in Tetrahedron Letters. 34(48), 7685 (1993). Additionally, 

well-known coupling promoters, such as N-hydroxysuccinimide, 

1 -hydroxy benzotriazole and the like, may be used to facilitate the coupling 

reaction. 

This coupling reaction is typically conducted by contacting the 
iV-sulfonylamino acid IV with about I to about 2 equivalents of the coupling 
reagent and at least one equivalent, preferably about 1 to about 1.2 
equivalents, of amino acid derivative VI in an inert diluent, such as 
dichloromethane, chloroform, acetonitrile, tetrahydrofiiran* N,N- 
dimetbyiformamide and the like. Generally, this reaction is conducted at a 
temperanire ranging from about 0**C to about 37**C for about 12 to about 24 
hours. Upon completion of the reaction, the compound of formula I is 
recovered by conventional methods including neutralization, extraction, 
precipitation, chromatography, filtration, and the like. 

Alternatively, the ^-sulfonyl amino acid FV can be converted into aa 
acid halide and the acid halide coupled with amino acid derivative VI to 
provide compounds of formula I. The acid halide of VI can be prepared by 
contacting VI widi an inorganic acid halide, such as thionyl chloride, 
phosphorous trichloride, phosphorous tribromide or phosphorous 
pentachloride, or, preferably, with oxalyl chloride under conventional 
conditions. Generally, this reaction is conducted using about 1 to S molar 
equivalents of the inorganic acid halide or oxalyl chloride, eidier neat or in 
an inert solvent, such as dichloromethane or carbon tetrachloride, a 
temperanire in the range of about O'^C to about 80*'C for about 1 to about 48 
houn. A catalyst, such as MiV-dimethylformamide, may also be used in this 
reaction. 



wo 99/06436 



" 58- 



PCT/US98/15327 



The acid haiide of ^*sulfonyl amino acid IV is then contacted with at 
least one equivalent* preferably about 1.1 to about l.S equivaientSt of amino 
acid derivative VI in an inert diluent, such as dichloromethane, at a 
temperature ranging from about -TO^'C to about 40''C for about 1 to about 24 
hours. Preferably, this reaction is conducted in the presence of a suitable 
base to scavenge the acid generated during the reaction. Suitable bases 
include, by way of example, tertiary amines, such as triethylamine, 
diisopropyiethylamine, A^methylmorpholine and the like. Alternatively, the 
reaction can be conducted imder Schotten-Baumann*type conditions using 
aqiieous aUcali, such as sodium hydroxide and the like. Upon completion of 
the reaction, the compound of formula I is recovered by conventional 
methods inchiding neutralization, extraction, precipitation, chromatography, ^ 
filtration, and the like. 

Alternatively, the compounds of formula I can be prepared by first 
forming a diamino acid derivative of formula VU: 



R» O 

I I 9 
R».NH-C-C(0)N-CH-C-R* Vn 

I I 
R* R^ 



wherein R'-R^ are as defined above. The diamino acid derivatives of 
fonnula Vn can be readily prepared by couplmg an amino acid of formula II 
with an amino acid derivative of formula VT using conventional amino acid 
coupling techniques and reagents, such as carbodiimides, BOP reagent and 
the like, as described above. Diamiiu) acid vn can then be sulfonated using 
a sulfonyl chloride of formula III and using the synthetic procedures 
described above to provide a compound of formula L 
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The amino acid derivatives of formula VI employed in the above 
reactions are either known compounds or compounds that can be prepared 
from known compounds by conventional synthetic procedures. For 
example, amino acid derivatives of formula VI can be prepared by C- 
S alkylating commercially available diethyl 2*acetamidomalonate (Aldrich, 

Milwaukee, WisconsiUt USA) with an alkyl or substituted alkyi halide. This 
reaction is typically conducted by treating the diethyl 2-acetamidomalonate 
with at least one equivalent of sodium ethoxide and at least one equivalent of 
an alkyl or substimted alkyl halide in refluxing ethanol for about 6 to about 
10 12 hours. The resulting C-aikylated malonate is then deacetylated, 

hydrolyzed and decarboxylated by heating in aqueous hydrochloric acid at 
reflux for about 6 to about 12 hours to providie the amino acid, typically as 
the hydrochloride salt. 



IS Examples of amino acid derivatives of formula VI suitable for use in 

the above reactions include* but are not limited to, L-tryptophan methyl 
ester, L-phenylalanine methyl esten L-phenylalanine isopropyl ester, L- 
phenylalanine benzyl ester, L-phenylalaninamide, ^-methyl-L*pheny (alanine 
benzyl ester, DX-homophenylalanine methyl ester, P-<l-naphthyl)-L-aianine 

20 tnethyl ester, P-<2-naphthyl)-L-alanine methyl ester, P-(2-thienyl)-L-alanine 
methyl ester, |H2-pyridyl)*L-alanine mediyl ester, P-(3-pyridyl)-L-alanine 
methyl ester, P-<4-pyridyl)-L-alanine methyl ester, P*(2-thiazolyl)-D,L- 
alanixie methyl ester, P-(1.2,4*triazol-3-yl>-DX*alanine methyl ester, and the 
like* If desired, of course, other esters or amides of the above-described 

25 cQmpounds may also be employed. 

For ease of synthesis, the compounds of formula I are typically 
prepared as an ester, i.e., where is an alkoxy or substimted alkoxy group 
and the like. If desired, the ester group can be hydrolysed using 
30 conventional conditions and reagents to provide the corresponding carboxylic 



wo 99/06436 



60 " 



PCT/tIS98/l5327 



acid. Typically, this reaction is conducted by treating the ester with at least 
one equivalent of an alkali metal hydroxide, such as lithium, sodium or 
potassium hydroxide, in an inert diluent, such as methanol or mixtures of 
methaxK)l and water, at a temperature ranging from about O^'C to about 2VC 
5 for about 1 to about 12 hours. Alternatively, benzyl esters may be removed 
by hydrogenoiysis using a palladium catalyst, such as palladmm on carbon. 
The resulting carboxylic acids may be coupled, if desired, to amines such as 
p-alanine ethyl ester, hydroxyamines such as hydroxylamine and ff- 
hydroxysuccinimide, alkoxyamines and substimted alkoxyamines such as 
10 methyihydroxylamine and 0-benzylhydroxylamine, and the like, using 
conventional coupling reagents and conditions as described above. 

As will be apparent to those skilled in the art« other functional groups 
present on any of the substituents of the compounds of formula I can be 

IS readily modified or derivatized either before or after the above-described 
coupling reactions using well-known synthetic procedure. For example, a 
nitro group present on a substituent of a compound of formula I or an 
intermediate thereof may be readily reduced by hydrogenation in the 
presence of a palladium catalyst, such as palladium on carbon, to provide the 

20 corresponding amino group. This reaction is typically conducted at a 

temperature of from about 20''C to about SO^'C fot* about 6 to about 24 hours 
in an inert diluent, such as methanol. Compounds having a nitro group on 
the substituent can be prepared, for example, by using a 4- 
nitrophenylalanine derivative and the like in the above^described coupling 

2S reactions. 

Similarly, a pyridyl group can be hydrogenated In the presence of a 
platinum catalyst, such as platinum oxide, in an acidic diluent to provide the 
corresponding piperidinyl analogue. Generally, this reaction is conducted by 
30 treating the pyridine compound with hydrogen at a pressure ranging from 
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about 20 psi to about 60 psi. preferably about 40 psi, in the presence of the 
catalyst at a temperature of about 20'C to about 50'C for about 2 to about 
24 hours in an acidic diluent, such as a mixmre of methanol and aqueous 
hydrochloric acid. Compounds having a pyridyl group can be readUy 
5 prepared by using, for example. p-(2-pyridyl>. P-O-pyridyl)- or P-(4- 
pyridyl)-L-alanine derivatives in the ibove-describcd coupling reactions. 

By way of illustration, a compound of formula I, or an intermediate 
thereof, having a substiment containing a primary or secondary amino 
10 group, such as where R' is a 4-aminophenyl group, can be readily N-acylated 
using conventional acylating reagents and conditions to provide the 
corresponding amide. This acylation reaction is typicaUy conducted by 
treating the amino compound with at least one equivalent, preferably about 
1.1 to about 1.2 equivalents, of a carboxylic acid in the presence of a 
15 . couplmg reagent such as a carbodiimide. BOP reagent (bcnzotriazol-l-yloxy- 
tris(dimethylamioo)phosphonium hexafluorophosphonate) and the like, in an 
inert dUuent, such as dichloromethane, chloroform. acetonitrUe. 
tetrahydrofuran, MiV-dimethylformamide and the like, at a temperamre 
ranging ftom about O'C to about 37X for about 4 to about 24 hours. 
20 Preferably, a promoter, such as iV-hydroxysuccinimide, 

l-hydtoxybenzotriazole and the like, is used to facUitote the acylation 
reactioiL Examples of carboxylic acids suiuble for use in this reaction 
inchide, but are not limited to. /V-tert-butyloxycarbonylglycine. N-tert- 
butyloxycarbonyl-L-phenylalanine. iV-tert-butyloxycarbonyl-L-aspartic acid 
25 • benzyl ester, benzoic acid, ^^ert-butyloxyca^bonylisonipecotic acid. N- 
methylisonipecotic acid. /V-ren-butyloxycarbonylnipccotic acid. N-ferr- 
butyloxycarbonyl-L-ietrahydroisoquinoline-3<arboxyUc acid, iV-(toluene-4- 

sulfonyl)-L-proline and the like. 
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Alternatively, a compound of formula I or an intermediate thereof 
containing a primary or secondary amino group can be ^-acylated using an 
acyl halide or a carboxylic acid anhydride to form the corresponding amide. 
This reaction is typically conducted by contacting the amino compound with 
S at least one equivalent, preferably about 1. 1 to about 1.2 equivalents, of the 
acyl halide or carboxylic acid anhydride in an inert diluent, such as 
dichloromethane, at a temperaoire ranging from about -70''C to about 40°C 
for about 1 to about 24 hours. If desired, an acylation catalyst such as 4- 
(^,/Mimethylamino)pyridine may be used to promote the acylation reaction. 

10 The acylation reaction is preferably conducted in the presence of a suitable 
base to scavenge the acid generated during the reaction. Suitable bases 
include, by way of example, tertiary amines, such as thethylamine, 
diisopropylethyiamine, iV^methylmorpholine and the like. Alternatively; the 
reaction can be conducted under Schotten-Baimuum-type conditions using 

IS aqueous alkali, such as soditmi hydroxide and the like. 

Examples of acyl halides and carboxylic acid anhydrides suitable for 
use in this reaction inchide,. but are not limited to, 2*methylpropionyl 
chloride, trimethylacetyl chloride, phenylacetyl chloride, benzoyl chloride, 

20 2-bromobenzoyl chloride, 2-methyIbenzoyl chloride, 

2-trifhioromethylbenzoyl chloride, isonicotinoyl chloride, nicotinoyi 
chloride, picoiinoyl chloride, acetic anhydride, succinic anhydride and the 
like. Carbamyl chlorides, such as ^JV-dimethylcarbamyl chloride, NM- 
dietbylcarbamyl chloride and the like, can also be used in this reaction to 

25 provide uxeas. Similarly, dicarbonates, such as di-r^rr-butyl dicarbonate, 
may be employed to provide carbamates. 



30 



In a similar manner, a compound of formula I or an intermediate 
thereof containing a primary or secondary amino group may be A^sulfonated 
to form a sulfonamide using a sulfonyl halide or a sulfonic acid anhydride. 
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Sulfonyl halidcs and sulfonic acid anhydrides suitable for use in this reactiorT 
include, but arc not limited to, methanesulfonyl chloride, 
chloromcthanesulfonyl chloride, p-toluenesulfonyl chloride, 
trifluoromethanesulfonic anhydride and the like. Similarly, sulfamoyi 
chlorides, such as dimethylsulfemoyl chloride, can be used to provide 
sulfamides (e.g., >N-S02-N<). 



Additionally, a primary and secondary amino group present on a 
substituent of a compound of formula I, or an intermediate thereof, can be 
reacted with an isocyanate or a thioisocyanate to give a urea or thiourea, 
respectively. This reaction is typically conducted by conucting the amino 
compound with at least one equivalent, preferably about 1.1 to about 1.2 
equivalents, of the isocyanate oc thioisocyanate in an inert diluent, such as 
toluene and the like, at a tcmperaoire ranging from about 24'C to about 
37 *C for about 12 to about 24 hours. The isocyanates and thioisocyanates 
used in this reaction arc commercially available or can be prepared from 
commercially available compounds using well-known synthetic procedures. 
For exanq)le, isocyanates and thioisocyanates are readily prepared by 
reacting the appropriate amine with phosgene or ihiophosgene. Examples of 
isocyanates and thioisocyanates suitable for use in this reaction include, but 
are not limited to. ethyl isocyanate. /i-propyl isocyanate, 4-cyanophcnyl 
isocyanate, 3-methoxyphenyl isocyanate, 2-phenyIethyl isocyanate, methyl 
thioisocyanate. ethyl thioisocyanate, 2-phenylcthyl thioisocyanate, 
3-phenylpropyl thioisocyanate, 3-(M^-diethylamino)propyl thioisocyanate, 
phenyl thioisocyanate, benzyl thioisocyanate, 3-pyridyl thioisocyanate, 
fluorescein isothiocyanate (isomer 0. and the like. 
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Furthermore, when a compound of formula I or an intermediate 
there f contains a primary or secondary amino group, the amino group can 
be reductively alkylated using aldehydes or ketones to form a secondary or 
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tertiary amino group. This reaction is typically conducted by contacting the 
amino compound with at least one equivalent, preferably about 1 . 1 to about 
1.5 equivalents, of an aldehyde or ketone and at least one equivalent based 
on the amino compound of a metal hydride reducing agent, such as sodium 
5 cyanoborohydride, in an inert diluent, such as methanol, tetrahydroAiran, 
mixmres thereof and the like, at a temperature ranging from about O^C to 
about sec for about 1 to about 72 hours. Aldehydes and ketones suitable 
for use in this reaction include, by way of example, benzaldeh]{de, 4- 
chlorobenzaldehyde, valeraldehyde and the like. 

10 

In a similar manner, when a compound of formula I, or an 
intermediate thereof, has a substituent containing a hydroxyl group, the 
hydroxy! group can be further modified or derivatised either before or after 
the above coupling reactions to provide, by way of example, ethen, 
15 carbamates and the like. 

By way of example^ a compound of formula I or an intermediate 
thereof having a substiment containing a hydroxyl group, such as where R^' 
is a 4-hydroxyphenyl group, can be readily 0-alkyIated to form ethers. This 

20 0-alkylation reaction is typically conducted by contacting the hydroxy 
compound with a suitable alkali or alkaline earth metal base, such as 
potassium carbonate, in an inert diluent, such as acetone, 2-butanone and the 
like, to form the alkali or alkaline earth metal salt of the hydroxyl group. 
This salt is generally not isolated, but is reacted in situ with at least one 

25 equivalent of an alkyl or substimted alkyl halide or sulfonate, such as an 
alkyl chloride, bromide, iodide, mesylate or tosylate, to afford the ether. 
Generally, this reaction is conducted at a temperamre ranging from about 
60°C to about 15G**C for about 24 to about 72 hours. Preferably, a catalytic 
amount of sodium or potassium iodide is added to the reaction mixture when 

30 an alkyl chloride or bromide is employed in the reaction. 
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Examples of alky I or substituted alkyl halides and sulfonates suitable 
for use in this reaction include, but are not limited to, ftfrr-butyl 
bromoacecate, iV-zm-butyl chloroacetamide, l-bromoethylbenzene, ethyl 
a-bromophenylacetate, 2-(;V-ethyI-A^phenylamino)ethyI chloride, 
ethylamino)cthyl chloride, 2-{iV,^'^liisop^opylamino)ethyI chloride, l-iN^N- 
dibcnzyIamino)ethyl chloride, 3-(iV,A'-eihy!amino)propyI chloride, 3-(^. 
benzyl-A^-methylamino)propyl chloride, Ar.(2-chloroeihyl)morpholine, 
2-<hexamethyIeneimino)eihyl chloride, 3-(Mmethylpipcrazine)propyl 
chloride, H3-chlorophenyl)-4^3-chIoropropyl)pipcrazine, 2-(4-hydroxy-4- 
phenylpipcridine)ethyl chloride, A^ftf/t-butyloxycarbonyl-3-piperidmemethyl 
tosylate and the like. 

Alternatively, a hydroxyl group present on a substinient of a 
compound of formula I, or an intermediate thereof, can be 0-aIkylated using 
the Mitsunobu reaction. In this reaction, an alcohol, such as 3'(N ^/V- 
dimethylamino)-l-propanol and die like, is reacted with about 1.0 to about 
1.3 equivalents of triphenylphosphine and about LO to about 1.3 equivalents 
of diethyl azodicarboxylate in an inert diluent, such as letrahydrofuran. at a 
tempcramre ranging from about -10**C to about 5'C for about 0.25 to about 
1 hour; About 1,0 to about 1.3 equivalents of a hydroxy compound, such as 
iV-rw-butyltyrosine methyl ester, is then added and die reaction mixture is 
stirred at a temperamrc of about O^C to about 30'C for about 2 to about 48 
hours to provide the O-alkylated product. 



In a similar manner, a compound of formula I, or an intermediate 
thereof, containing an aryl hydroxy group can be reacted widi an aryl iodide 
to provide a diaryl ether. Generally, this reaction is conducted by forming 
die alkali metal salt of the hydroxy! group using a suitable base, such as 
sodium hydride, in an inert diluent, such as xylenes, at a temperamre of 
about -25X to about lO'C. The salt is then treated widi about 1. 1 to about 
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1.5 equivalents of cuprous bromide dimethyl sulfide complex at a 
temperature ranging from about lO^C to about 30'C for about 0.5 to about 
2.0 hours, followed by about 1.1 to about 1.5 equivalents of an aryl iodide, 
such as sodium 2-iodobenzoate and the like. The reaction is then heated to a 
5 tempcramre from about 70'C to about 150''C for about 2 to about 24 hours 
to provide the diaryl ether. 

Additionally, a hydroxy-containing con^)ound can also be readily 
derivatized to form a carbamate. In one method for preparing such 

10 carbamates, a hydroxy compound of formula I, or an intermediate thereof, is 
contacted with about 1.0 to about 1.2 equivalents of 4-nitrophenyl 
chioroformate in an inert diluent, such as dichloromethane, at a temperature 
ranging from about -25 to about 0*^0 for about 0.5 to about 2.0 hours. 
Treatment of the resulting carbonate with an excess, preferably about 2 to 

15 about 5 equivalents, of a triallcylamine, such as triethylamine, for about 0.5 
to 2 hours* followed by about 1 .0 to about 1 .5 equivalents of a primary or 
secondary amine, provides the carbamate. Examples of amines suitable for 
using in this reaction include, but aie not limited to, piperazine, 1* 
methylpiperazine, 1-acetylpiperazine, morpholine, thiomorpholine, 

20 pyrrolidine, piperidine and the like. _ _ 

Alternatively, in another method for preparing carbamates, a 
hydioxy-containing compound is contacted with about 1.0 to about 1.5 
equivalents of a carbamyl chloride in an inert diluent, such as 

2S dichloromethane, at a temperature ranging from about 25 "C to about TO^'C 
for about 2 to about 72 houn. Typically, this reaction is conducted in the 
presence of a suitable base to scavenge the acid generated during the 
reaction. Suitable bases include, by way of example, tertiary amines, such 
as triethylamine, diisopropylethylamine, ^-methylmorpholine and the like. 

30 Additionally, at least one equivalent (based on the hydroxy compound) of 4- 
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(A^,^-dimethylamino)pyridme is preferably added to the reaction mixture to 
facilitate the reaction. Examples of carbamyl chlorides suitable for use in 
this reaction include, by way of example, dimethylcarbamyl chloride, 
diethylcarbamyl chloride and the like. 



Likewise, when a compound of formula I, or an intermediate thereof, 
contains a primary or secondary hydroxyl group, such hydroxyl groups can 
be readily converted into a leaving group and displaced to fomn for 
example, amines, sulfides and fluorides. For example, derivatives of 4- 
hydroxy-L-proIine can be converted into the corresponding 4-amino, 4.thio 
or 4-fluoro-L-prolinc derivatives via nucleophilic displacement of the 
derivatized hydroxyl group. Generally, when a chiral conqwund is 
employed in these reactions, the stereochemistry at the carbon atom attached 
to the derivatized hydroxyl group is typically inverted. 

These reactions are typically conducted by first converting the 
hydroxyl group into a leaving group, such as a tosylate, by treatment of the 
hydroxy compound with at least one equivalem of a sulfonyl halide, such as 
p-toluenesulfonyl chloride and the like, in pyridine. This reaction is 
generally conducted at a tcmperamre of from about 0*C to about 70'C for 
about 1 to about 48 hours. The resulting tosylate can then be readily 
displaced with sodium azide, for example, by contacting the tosylate with at 
least one equivalent of sodium azide in an inert diluent, such as a mixture of 
iV^jV-dimethylformaniide and water, at a temperature ranging from about O'C 
to about 3VC for about I to about 12 hours to provide the corresponding 
azido compcHind. The azido group can then be reduced by, for example, 
hydrogenation using a palladhxm on carbon catalyst to provide the amino (- 
NHj) compound. 
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Similarly, a tosylate group can be readily displaced by a thiol to form 
a sulfide. This reaction is typically conducted by contacting the tosylate with 
at least one equivalent of a thiol, such as thiophenol, in the presence of a 
suitable base, such as l,8-diazabicyclo[S.4.0]undec-7-ene (DBU), in an inert 
S diluent, such as AT^iV-dimethylformamide, at a temperature of from about 
O^'C to about iVC for about 1 to about 12 hours to provide the sulfide. 
Additionally, treatment of a tosylate with morpbolinosulfur trifluoride in an 
inert diluent, such as dichloromethane, at a temperature ranging from about 
O^'C to about 37**C for about 12 to about 24 hours affords the corresponding 
10 fluoro compound. 

Furthermore, a compound of formula I, or an intennediate thereof, / 
having a substituenl containing an iodoaryl group, for example, when is a 
4-iodophenyl group, can be readily converted either before or after the above 

IS coupling reactions into a biaryl compound. Typically, this reaction is 
conducted by treating the iodoaryl compound with about 1.1 to about 2 
equivalents of an arylzinc iodide, such as 2-{methoxycarbonyl)pbenylzinc 
iodide, in the presence of a palladium catalyst, such as palladium ^ 
tetra(triphenylpho$phine), in an inert diluent, such as tetrahydrofiiran, at a 

20 temperature ranging from about 24°C to about 30°C until the reaction is 

complete. This reaction is further described, for example, in Rieke, /. Org. 
Chem. 1991. 56. 1445. 

In some cases, the compounds of formula I, or intermediates thereof, 
2S may contain substituents having one or more sulfur atoms. Such sulfur 
atoms will be present, for exanople, when the amino acid of formula D 
employed in the above reactions is derived from L-thiazolidine*4-carboxylic 
acid, L-(S,S-dimethyl)thiazolidine*4-carboxyltc acid, L-thiamorpholine-3* 
carboxylic acid and the like. When present, such sulfur atoms can be 
30 oxidized either before or after the above coupling reactions to provide a 
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sulfoxide or sulfone compound using conventional reagents and reaction 
conditions. Suitable reagents for oxidizing a sulfide compound to a sulfoxide 
include, by way of example, hydrogen peroxide. 3-chloropcroxybenzoic acid 
(MCPBA)» sodium periodate and the like. The oxidation reaction is 
typically conducted by contacting the sulfide compound with about 0.95 to 
about 1.1 equivalents of the oxidizing reagent in an inen diluent, such as 
dichloromethane, at a temperature ranging from about -50*C to about 75 *C 
for about 1 to about 24 hours. The resulting sulfoxide can theabc further 
oxidized to the corresponding sulfone by contacting the sulfoxide with at 
least one additional equivalent of an oxidizing reagent, such as hydrogen 
peroxide, MCPBA, potassium permanganate and the like. Alternatively, tfje 
sulfone can be prepared directly by contacting the sulfide with at least two 
equivalents, and preferably an excess, of the oxidizing reagent Such 
reactions are described further in March, ''Advanced Organic Chemistry", 
4th Ed., pp. 120M202, Wiley Publisher (1992). 

Lasdy, the compounds of formula I, where Q is -C(S)NR?-, can be 
prepared by using an amino thionoacid derivative in place of amino acid II in 
the above described synthetic procedures. Such amino thionoacid derivatives 
can be prepared by the procedures described in Shalaky, et al., /. Org, 
Ckem., 61:9045-9048 (1996) and Brain, et al., 7. Org. CAem., ^2:3808- 
3809 (1997) and references cited therein. 



Pharmaewifj^^^ Formularinna 

When employed as pharmaceuticals, the compounds of formula I and 
lA are usually administered in the form of pharmaceutical compositions. 
These compounds can be administered by a variety of routes including oral, 
rectal, transdermal, subcutaneous, intravenous, intramuscular, and 
intr anasal. These compounds are effective as both injectable and oral 
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compositions. Such compositions are prepared in a manner well known in 
the pharmaceutical art aixl comprise at least one active compound. 

This invention also includes pharmaceutical compositions which 
5 contain, as the active ingredient, one or more of the compounds of formula I 
or lA above associated with pharmaceutically acceptable carriers. In making 
the compositions of this invention, the active ingredient is usually mixed 
with an excipient, diluted by an excipient or enclosed within such a carrier 
which can be in the form of a capsule, sachet, paper or other container. 

10 When the excipient serves as a diluent, it can be a solid, semi-solid, or liquid 
material, which acts as a vehicle, carrier or medium for the active 
ingredient. Thus, the compositions can be in the form of tablets, pills, 
powders, lozenges, sachets, cachets, elixirs, suspensions* emulsions, 
solutions, syrups, aerosols (as a solid or in a liquid medium), ointments 

IS containing, for example* up to 10% by weight of the active compound, soft 
and hard gelatin capsules, suppositories, sterile injectable sohitions, and 
sterile packaged powders. 

In preparing a fommlatioo, it may be necessary to mill the active 
20 compound to provide the appropriate particle size prior to combining with 
the other ingredients. If the active compound is substantially insoluble, it 
ordinarily is milled to a particle size of less than 200 mesh. If the active 
compound is substantially water soluble, the particle size is normally 
adjusted by milling to provide a substantially uniform distribution in the 
25 formulation, e.g. about 40 mesh. 

Some examples of suitable excipients include lactose, dextrose, 
sucrose, sorbitol, mannitol, starches, gum acacia, calcium phosphate, 
alginates, tragacanth, gelatin, calcium silicate, microcrystalline cellulose, 
30 polyvinylpyrrolidone, cellules , water, syrup, and meUiyl cellulose. The 
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formulations can additionally include: lubricating agents such as talc, 
magnesium siearatc. and mineral oU; wetting agents; emulsifying and 
suspending agents; preserving agents such as methyl- and propylhydroxy- 
benzoates; sweetening agents; and flavoring agents. The compositions of the 
invention can be formulated so as to provide quick, sustained or delayed 
release of the active ingredient after administration to the padent by 
employing procedures known in the art. 

4 

The compositions are preferably formulated in a unit dosage form, 
each dosage containing from about 5 to about 100 mg, more usually about 10 
to about 30 mg, of the active ingredient. The term "unit dosage forms" 
refen to physically discrete units suitable as unitary dosages for human 
subjects and other mammals, each unit containing a predetermined quantity 
of active material calculated to produce the desired Uierapeutic effect, in 
association with a suitable pharmaceutical excipicnt. 

The acdve compound is effective over a wide dosage range and is 
generally administered in a phannaceudcally effective amount. It will be 
understood, however, diat the amount of the compound acnially administered 
will be determined by a physician in the light of the relevant circumstances, 
including the condition to be treated, die chosen route of administration, die 
acmal conqxxmd administered, die age, weight, and response of die 
individual patient* die severity of die patient's synq)toms and die like. 

For preparing solid compositions such as tablets, die principal active 
ingredient is mixed widi a pharmaceutical excipient to form a solid 
preformuladon composition containing a homogeneous mixture of a 
compound of die presem invention. When referring to diese preformulation 
compositions as homogeneous, it is meant that die active ingrediem is 
dispened evenly dm)ughout die composition s diat die composition may be 
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readily subdivided into eqiially effective unit dosage fonns such as tablets, 
pills and capsules. This solid preformulation is then subdivided into unit 
dosage forms of the type described above containing from, for example, 0. 1 
to about 500 mg of the active ingredient of the present invention. 

The tablets or pills of the present invention may be coated or 
otherwise compounded to provide a dosage form affording the advantage of 
prolonged action. For example, the tablet or pill can comprise^an inner 
dosage and an outer dosage component, the latter being in the form of an 
envelope over the former. The two components can be separated by an 
enteric layer which serves to resist disintegration in the stomach and permit 
the inner cooqponent to pass intact into the duodenum or to be delayed in 
release. A variety of materials can be used for such entericlayers or 
coatings, such materials including a number of polymeric acids and mixtures 
of polymeric acids with such materials as shellac, cetyl alcohol, and celhilose 
acetate. 

The liquid forms in which the novel compositions of the present 
invention may be incorporated for administration orally or by injection 
inchide aqueous solutions suitably flavored with syrups, aqueous or oil 
suspensions, and flavored emulsions with edible oils such as couonseed oil, 
sesame oil, coconut oil, or peanut oil, as well as elixirs and similar 
pharmaceutical vehicles. 

Compositions for inhalation or insufflation inchide solutions and 
suspensions in pharmaceutically acceptable, aqueous or organic solvents, or 
mixtures thereof, and powders. The liquid or solid compositions may 
contain suitable pharmaceutically acceptable excipients as described supra. 
Preferably, the compositions are administered by the oral or nasal 
respiratory route for local or systemic effect. Compositions in preferably 
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pharmaceutically acceptable solvents may be nebulized by use of inert gases' 
Nebulized solutions may be breathed directly from the nebulizing device or 
the nebulizing device may be attached to a face mask tent or intermittent 
positive pressure breathing machine. Solution, suspension, or powder 
5 compositions may be administered, preferably orally or nasally, from 
devices which deliver the formulador m an appropriate manner. 

The following formulation examples illustrate the phann^ceutical 
compositions of the present invention. 

0 

Formulation Rifampin 1 

Hard gelatin capsules containing the following ingredients are 
prepared: 



Quantity 

IS logCfidifiDt (mg/capgulg^ 

Active Ingredient 30.0 
Starch 305.0 
Magnesium stearate 5.0 



20 The above ingredients are mixed and filled into hard gelatin capsules 

in 340 mg quantities. 

Fonnulatinn Rxampfi^ 2 
A tablet fonnula is prepared using the ingredients below; 



23 Quantity 

In g red i ca rmg/tabict^ 

Active Ingredient 25.0 

CeUulose, microcrystalline 200.0 

Colloidal silicoa dioxide 10.0 

30 Stearic acid 5.0 



The components are blended and compressed to form tablets, each 
weighing 240 mg. 
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Fnrmulatinn Fxamole 3 

A dry powder inhaler formulation is prepared containing the 

following components: 

Ingredient Weight % 

Active Ingredient S 
Lactose 95 

The active mixture is mixed with the lactose and the mixture is added 
to a dry powder inhaling appliance. 

Formulation Example 4 
Tablets, each containing 30 mg of active ingredient, are prepared as 
follows: 

Quantity 

15 logiedifiDt fmg/tablci) 

Active Ingredient 30.0 mg 

Starch 45.0 mg 

Microcrystailine cellulose 35.0 mg 
Polyvinylpyrrolidone 

20 (as 10% solution in water) 4.0 mg 

Sodhun carboxymethyl stardi 4.5 mg 

Magnesmm stearate 0.5 mg 

Talc 1.0 mg 

25 Total 120 mg 

The active ingredient, starch and cellulose are passed through a No. 
20 mesh U.S. sieve aiul mixed thoroughly. The sohition of polyvmyl- 
pyrrolidooe is mixed with the resultant powders, which are then passed 
30' through a 16 mesh U.S. sieve. The granules so produced are dried at 50*" to 
$0^C and passed through a 16 mesh U.S. sieve. The sodium carboxymethyl 
starch, magnesium stearate, and talc, previously passed through a No. 30 
mesh U.S. sieve, are then added to the granules which* after mixing, are 
compressed on a tablet machine to yield tablets each weighing 150 mg. 

35 
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Fonnularinn Example 5 

Capsules, each containing 40 mg of medicament, are made as 
follows: 

Quantity 

Ingredient rmg/capsuie^ 
Active Ingredient 40. 0 mg 

Starch 109.O mg 

Magnesium stearate i .Q mg 

Total 150.0 mg 



10 



The active ingredient, cellulose, starch, and magnesium stearate are 
blended, passed through a No. 20 mesh U.S. sieve, and filled into hard 
gelatin capsules in 150 mg quantities. 

15 FomiularioTi ^Tampt^ ^ 

Suppositories, each containing 25 mg of active ingredient, are made as 
follows: 

Ingredient Amount 
Active Ingredient 25 mg 

20 Saturated fatty acid glyccrides to 2,000 mg 

The active ingredient is passed through a No. 60 mesh U.S. sieve and 
suspended in the saturated fatty acid glyccrides previously melted using the 
minimum heat necessary. The mixture is then poured into a suppository 
25 mold of nominal 2.0 g capacity and allowed to cool. 

Formulafinn PYampl^^ 7 

Suspensions, each containing 50 mg of medicament per 5.0 ml dose, are 
made as follows: 

30 Ingredient Amount 

Active Ingredient 50.0 mg 

Xamhan gum 4.0 mg 
Sodium carboxy methyl cellulose (11%)/ 

Microciystalline cellulose (89%) 50.0 mg 

35 Sucrose 1.75 g 

Sodium benzoate lO.O mg 
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Flavor and Color q.v. 
Purified water to 5.0 ml 

The medicameni, sucrose and xanthan gum are blended, passed througb 
a No. 10 mesh U.S. sieve, and then mixed with a previously made solution 
of the microcrysuUine cellulose and sodium carboxymethyl cellulose in 
water. The sodium benzoate, flavor, and color are diluted with some of the 
water and added with stirring. Sufficient water is then added to produce the 
required volume. ^ 

Fonnulaiion Example 8 



Quantity 

Ingredient rmy/capsule^ 
Active Ingredient 15.0 mg 

IS Starch 407.0 mg 

Magnesium stearate 3.0 mg 

Total 425.0 mg 

20 The active ingredient, cellulose, starch, and magnesmm stearate are 

blended, passed through a No. 20 mesh U.S. sieve, and filled into hard 
gelatin capsules in 560 mg quantities. 

Formulation Example 9 
25 An intravenous formulation may be prepared as follows: 

Tngredient Qiianrity 

Active Ingredient 250.0 mg 

Isotonk saliK 1000 ml 

30 « FoTmulation E?samplc IQ 

A topical formulation may be prepared as follows: 

Ynpedient Quantity 

Active Ingredient 1-10 g 

Emulsifying Wax 30 g 

35 Liquid Paraffin 20 g 

White Soft Paraffin to 100 g 
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The white soft paraffin is heated until molten. The liquid paraffin and ' 
emulsifying wax arc incorporated and stirred until dissolved. The active 
ingredient is added and stirring is continued until dispersed. The mixture is 
then cooled until solid. 



Another preferred formulation employed in the methods of the present 
invention employs transdermal delivery devices ("patches"). Such 
transdermal patches may be used to provide continuous or discontinuous 
infusion of the compounds of the present invention in controlled amounts. 
The construction and use of transdermal patches for the delivery of 
pharmaceutical agents is well known in the art. See, e g ,, U.S. Patent 
5,023.252, issued June 11, 1991, herein incorporated by reference. Such 
patches may be constructed for continuous, pulsatile, or on demand delivery 
of pharmaceutical agents. 



It may be desirable or necessary to introduce the pharmaceutical 
composition to the brain, either direcdy or indirectiy. Direct techniques 
usually involve placement of a drug delivery cadieter into the host's 
ventricular system to bypass the blood-brain barrier. One such implantable 
delivery system used for the transport of biological factors to specific 
anatomical regions of the body is described in U.S. Patent 5,011,472, which 
is herein incorporated by reference. 



Indirect techniques, which are generally preferred, usually involve 
formulating the compositions to provide for drug latentiation by the 
conversion of hydrophilic drugs into lipid-sohible drugs. Latentiation is 
generally achieved through blocking of the hydroxy, carbonyl, sulfate, and 
primary amine groups present on the drug to render the drug more lipid 
soluble aiul amenable to transportation across the blood-brain barrier. 
Alternatively, the delivery of hydrophilic drugs may be enhanced by 
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in&a-arterial infusion of hypertonic solutions which can transiently open the ' 
blood-brain barrier. 

Utility 

5 The compounds of this invention can be employed to bind VLA-4 {c^^^ 

integrin) in biological sanq)ies and, accordingly, have utility in, for example* 
assaying such samples for VLA-4. In such assays, the compounds can be 
bound to a solid support and the VLA-4 sample added thereto. The amount 

4 

of VLA-4 in the sample can be determined by conventional methods such as 
10 use of a sandwich ELISA assay. Alternatively, labeled VLA-4 can be used 
in a competitive assay to measure for the presence of VLA-4 in the sample. 
Other suitable assays are well known in the art. 

In addition, certain of the compounds of this invention inhibit, in vivo, 
15 adhesion of leukocytes to endothelial cells mediated by VLA-4 and, 

accordingly, can be used in the treatment of diseases mediated by VLA-4. 
Such diseases include inflammatory diseases in mammalian patients 
such as asdmia, Alzheimer's disease^ atherosclerosis, AIDS dementia, ' 
diabetes (including acute juvenile ons^ diabetes), inflammatory bowel 
20 disease (inclitding ulcerative colitis and Crohn's disease), multiple sclerosis, 
rheumatoid arthritis, tissue transplantation, tumor metastasis, meningitis, 
encephalitis, stroke, and other cerebral traumas, nephritis, retinitis, atopic 
dermatitis, psoriasis, myocardial ischemia and acute leukocyte-mediated lung 
injury such as that which occurs in adult respiratory distress syndrome. 

25 

* The biological activity of the compounds identified above may be 
assayed in a varied of systems. For example, a compound can be 
immobilized on a solid surface and adhesion of cells expressing VLA-4 can 
be measured. Using such formats, large numbers of compounds can be 
30 screened.. Cells suitable for this assay include any leukocytes known to 



express VLA^ such as T ceUs, B cells, monocytes, eosinophils, and 
basophils. A number of leukocyte cell lines can also be used, examples 
include Jurkat and U937. 

The test compounds can also be tested for the ability to competitively 
inhibit binding between VLA-4 and VCAM-l, or between VLA-4 and a 
labeled compound known to bind VLA-4 such as a compound of this 
invention or antibodies to VLA-4. In these assays, the VCAM-1 can be 
immobilized on a solid surface. VCAM-I may also be expressed as a 
recombinant fusion protein having an Ig tail (e.g., IgG) so that binding to 
VLA-4 may be detected in an immunoassay. Alternatively, VCAM-l 
expressing cells, such as activated endothelial cells or VCAM-1 transfected 
Fibroblasts, can be used. For assays to measure the abilFty to block adhesion 
to brain endothelial cells, the assays described in International Patent 
Application Publication No. WO 91/05038 arc particularly preferred. This 
application is incorporated herein by reference in its entirety. 

Many assay fonnats employ labelled assay components. The labelling ' 
systems can be in a variety of forms. The label may be coupled directly or 
indirectly to the desired component of the assay according to methods well 
known in the an, A wide variety of labels may be used. The component 
may be labelled by any one of several methods. The most common method 
of detection is the use of autoradiography with ^H, "S. **C, or ^ 
labelled compounds or the like. Non-radioacdve labels inchide iigands 
which bfaid to labelled antibodies, fluorophores, chemihmiinescent agents, 
enzymes and antibodies which can serve as specific binding pair membcn 
for a labelled ligand. The choice of label depends on sensidvity required, 
ease of conjugadon with the compound, stability requirements, and available 
instrumentation. 
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Appropriate in vivo models for demonstrating efficacy in treating 
inflammatory responses include EAE (experimental autoimmune 
encephalomyelitis) in mice, rats, guinea pigs, or primates, as well as other 
inflanunatory models dependent upon 04 integrins. 

5 

Compounds having the desired biological activity may be modified as 
necessary to provide desired properties such as improved pharmacological 
properties (e.g., in vivo stability, bio-availability), or the ability to be 
detected in diagnostic applications* For instance, inclusion of one or more 

10 D-amino acids in the sulfonamides of this invention typically increases in 
vivo stability. Stability can be assayed in a variety of ways such as by 
measuring the half-life of the proteins during incubation with peptidases or 
human plasma or serum. A number of such protein stability assays have 
been described (sec. e.g., Vertioef, et ai., Eur. J. Drug M&ab. 

15 Pharmacokinet.. 1990, i5{2i:83-93). 

For diagnostic purposes, a wide variety of labels may be linked to the 
compounds, which may provide, directly or indirectly, a detectable signal. ^ 
Thus, the compounds of the subjea invention may be modified in a variety 
20 of ways for a variety of end purposes while still retaining biological activity. 
In addition* various reactive sites may be introduced at the terminus for 
linking to particles, solid substrates, macromolecules, or the like* 

Labeled compounds can be used in a variety of in vivo or in vitro 
25 applications. A wide variety of labels may be enq)loyed, such as 

ladionudides (e.g., gamma-emitting radioisotopes such as technetiimi-99 or 
indhmi-lll), fluorescen (e.g., fluorescein), enzymes, enzyme substrates, 
enzyme cofactors, enzyme inhibitors, chemiluminescent compounds, 
biohiminescent compounds, and the like. Those of ordinary skill in the art 
30 will know of other suitable labels for binding to the complexes, or will be 



wo 99/06436 



PCT/US98/15327 



"81 - 

aSfe to ascertain such using routine experimentation. The binding of these ^ 
labels is achieved using standard techniques common to those of ordinary 
skill in the art. 

5 In vitro uses include diagnostic applications such as monitoring 

inflammatory responses by detecting the presence of leukocytes expressing 
VLA-4. The compounds of this invention can also be used for isolating or 
labeling such cells. In addition, as mentioned above, the compounds of the 
invention can be used to assay for potential inhibitors of VLA-4/VCAM-1 
10 interactions. 



For in vivo diagnostic imaging to identify, e.g., sites of inflammation, 
radioisotopes are typically used in accordance with welt known techniques. 
The radioisotopes may be bound to the peptide either directly or indirectly 
15 using intermediate fonctional groups. For instance, chelating agents such as 
diethylenetriaminepentacetic acid (DTPA) and ethylenediaminetetraacetic 
acid (EDTA) and similar molecules have been used to bind proteins to 
metallic ion radioisotopes. ' 

20 The conq)lexes can also be labeled with a paramagnetic isotope for 

purposes of in vivo diagnosis, as in magnetic resonance imaging (MRI) or 
electron spin resonance (ESR), both of which are well known. In general, 
any conventional method for visualizing diagnostic ifna gi»g can be used. 
Usually, gamma- and positron-emitting radioisotopes are used for camera 

ZS^ imaging and paramagnetic isotopes are used for MRI. Thus, the compounds 
can be used to monitor the course of amelioration of an inflammatory 
response in an individual. By measuring the increase or decrease in 
lymphocytes expressing VLA*4, it is possible to determine whether a 
particular dierapeutic regimen aimed at ameliorating die disease is effective. 



30 
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The pbannaceutical compositions of the present invention can be used to** 
block or inhibit cellular adhesion associated with a number of diseases and 
disorders. For instance, a number of inflammatory disorders are associated 
with integrins or leukocytes. Treatable disorders include, e.g., 
5 transplanution rejection (e.g., allograft rejection), Alzheimer's disease, 
atherosclerosis, AIDS dementia, diabetes (including acute juvenile onset 
diabetes), retinitis, cancer metastases, rhetmiatoid arthritis, acute 
leukocyte-mediated lung injury (e.g., adult respiratory distress«syndrome), 
asthma, nephritis, and acute and chronic inflammatioQ, including atopic 
10 dermatitis, psoriasis, myocardial ischemia, and inflammatory bowel disease 
(including Crohn's disease and ulcerative colitis). In preferred 
embodiments, the pharmaceutical compositions are used to treat 
inflammatory brain disorders, such as multiple sclerosis (MS), viral 
meningitis and encephalitis. 

15 

Inflammatory bowel disease is a collective term for two similar diseases 
referred to as Crohn's disease and ulcerative colitis. Crohn's disease is an 

•t 

idiopathic, chronic ulceroconstrictive inflammatory disease characterized by 
sharply delhnited and typically transmural involvement of all layers of the 

20 bowel wall by a granulomatous inflammatory reaction. Any segment of the 
gastrointestinal tract, from the mouth to the anus, may be involved, although 
the disease most commonly affects the termmal ileum and/or colon. 
Ulcerative colitis is an inflammatory response limited largely to the colonic 
mucosa and subimicosa. Lymphocytes and macrophages are numerous in 

25 lesions of inflammatory bowel disease and may contribute to inflanmatory 
injury. 



30 



Asthma is a disease characterized by increased responsiveness of the 
tracheobronchial tree to various stimuli potentiating paroxysmal constriction 
of the bronchial airways. The stimuli cause release of various mediators of 
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inflammaiion from IgE-coated mast cells, including histamine, eosinophilic ^ 
and neutrophilic chemotactic factors, leukotrincs, prostaglandin and platelet 
activating factor. Release of these factors recruits basophils, eosinophils and 
neutrophils, which cause inflammatory injury. 

Atherosclerosis is a disease of arteries (e,g., coronary, carotid, aona 
and iliac). The basic lesion, the atheroma, consists of a raised focal plaque 
within the intima, having a core of lipid and a covering fibrous cap. 
Atheromas compromise arieriai blood flow and weaken affected aneries. 
Myocardial and cerebral infarcts are a major consequence of this disease. 
Macrophages and leukocytes are recruited to atheromas and contribute to 
inflanmiatory injury. / 

Rheumatoid arthritis is a chronic, relapsing inflammatory disease that 
primarily causes impairment and destruction of joints. Rheumatoid arthritis 
usually first affects the smaU joints of the hands and feet but then may 
involve the wrists, elbows, ankles and knees. The arthritis results from 
interaction of synovial ceils widi leukocytes that mfiltrate from the 
circulation into the synovial lining of the joints. See e.g., Paul, 
Immunology, 3d ed.. Raven Press (1993). 

Another ixKltcation for the compounds of this invention is in treatment of 
organ or graft rejection mediated by VLA-4. Over recem years there has 
been a considerable onprovement in the efficiency of surgical techniques for 
transplanting tissues and organs such as skin, kidney, liver, hean, lung, 
pancreas and bone marrow. Perhaps die principal outstanding problem is die 
lack of satisfectory agents for inducing inmiunotolerance in die recipient to 
die oransplanted allograft or organ. When allogeneic cells or organs are 
transplanted into a host (i.e., die donor and donee are different individuals 
from the same species), die host immune system is likely t mount an 
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immune response to foreign antigens in the transplant (host-versus-graft 
disease) leading to destruction of the transplanted tissue. CDS" cells, CD4 
cells and monocytes are all involved in the rejection of transplant tissues. 
Compounds of this invention which bind to alpha-4 integrin are useful, inter 
S alia^ to block alloamigen-induced inmiune responses in the donee, thereby 
preventing such cells from participating in the destruction of the transplanted 
tissue or organ. See, e,g., Paul et al.. Transplant International 2: 420425 
(1996); Georczynsid et aJ., Immunology 52: 573-580 (1996); peorcyznski et 
al,. Transplant. ImmunoL 2: 55-61 (1995); Yang et al.. Transplantation fiQ: 
10 71-76 (1996); Anderson et al., APMISISIZ: 23-27 (1994). 

A related use for compounds of this invention which bind to VLA-4 is in' 
modulating the inmiune response involved in '*graft versus host" disease 
(GVHD). Sec e.g., Schiegel et al., 7. ImmunoL 155: 3856-3865 (1995). 

15 GVHD is a potentially fatal disease that occurs when immunologically 

competent cells are transferred to an allogeneic recipient In this situation, 
the donor's inununocompetent cells may attack tissues in the recipient. 
Tissues of the skin, gut epithelia and liver are frequent targets and may be 
destroyed during the course of GVHD. The disease presents an especially 

20 severe problem when immune tissue is being transplanted, such as in bone 
marrow transplantation; but less severe GVHD has also been reported in 
other cases as well, including heart and liver transplants. The therapeutic 
agents of the present invention are used, mt^r alia, to block activation of the 
donor T-cells, thereby interfering with their ability to lyse target cells in the 

25 host. 

A fimher use of the compounds of this invention is inhibiting tumor 
metastasis. Several bimor cells have been reported to express VLA-4 and 
compounds which bind VLA^ block adhesion of such cells to endothelial 
30 cells. Steinback et al., UroL Res. 21: 175-83 (1995); Orosz et al.. Int. /. 
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Cancer fiQ: 867-71 (1995); Freedman ct al., Leuk. Lymphoma JJ: 47-52 
- (1994); Okahara et al„ Canctr Res. 51: 3233-6 (1994). 

A further use of the compounds of this invention is in treating multiple 
5 sclerosis. Multiple sclerosis is a progressive neurological autoimmune 
disease that affects an estimated 250,0(X) to 350,000 people in the United 
States. Multiple sclerosis is thought to be the result of a specific 
autoimmime reaction in which certain leukocytes attack and initiate the 
destruction of myelin, the insulating sheath covering nerve fibers. In an 
10 animal model for multiple sclerosis, murine monoclonal antibodies directed 
against VLA-4 have been shown to block the adhesion of leukocytes to the 
endothelium, and thus prevent inflammation of the. central nervous system . ' 
and subsequent paralysis in the animals^^ 

15 Pharmaceutical compositions of the invention are suitable for use in a 

variety of drug delivery systems. Suitable fonnulations for use in the present 
invention are found in Remington's Pharmaceutical Sciences, Mace 
Publishing Company, Philadelphia^ PA, 17th ed. (19S5). 

20 In order to enhance serum half-life, the compounds may be 

encapsulated, introduced into the lumen of liposomes, prepared as a colloid, 

or other conventional techniques may be employed which provide an 

extended serum half-life of the compounds. A variety of methods are 

available for preparing liposomes, as described in, e.g., Szoka, et al., U.S. 

25 Patent Nos. 4,235,871, 4,501,728 and 4,837,028, each of which is 
♦ 

incorporated herein by reference. 



30 



The amount administered to the patient will vary depending upon what is 
being administeroi, the purpose of the administration, such as prophylaxis or 
therapy, the state of the patient, the manner of administration, and the like. 
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In therapeutic applications, compositions arc administered to a patient 
already suffering from a disease in an amount sufficient to cure or at least 
partiaUy arrest the symptoms of the disease and its complications. An 
amount adequate to accomplish this is defined as a "therapeutically effective 
5 dose." Amounts effective for this use wUl depend on the disease condition 
being treated as weU as by die judgmem of the attending clinician depending 
upon factors such as the severity of the inflammation, the age. weight and 
general condition of the patient, and the like. 

10 The compositions administered to a patient are in the form of 

pharmaceutical compositions described above. These compositions may be 
sterilized by conventional sterilization techniques, or may be sterile filtered. / 
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The following synthetic and biological examples are offered to illustrate 
this invention and are not to be construed in any way as linuting the scope of 
this invention. Unless otherwise stated, all temperatures are in degrees 
Celsius. 

5 

EXAMPLES 

In the examples below, the following abbreviations have the following 
meanings. If an abbreviation is not defined, it has its generally accepted 
meaning. 



10 


aq or aq. 


3 


aqueous 




AcOH 




acetic acid 




bd 




broad doublet 




bm 


S 


broad multiplet 




bs 




broad singlet 


15 


Ba 




benzyl 




Boc 


S 


iV-re/r-butoxylcarfoonyl 




B0C2O 




di-/e/t-butyi dicarbonate 




BOP 


S 


benzotriazol-l-yloxy- 
tris(dimethylamino)phosphonium 


20 






hexafluorophospbate 




Cbz 




carbobenzyloxy 




CHCl, 




chloroform 




CH^Clj 


33 


dichloromethane 




(COCl), 




oxalyl chloride 


25 


d 




doublet 




dd 


3 


doublet of doublets 




dt 




doublet of triplets 




DBU 


S 


1 ,8-diazabicyclol5.4.0]undcc-7-enc 




DCC 




1 ,3-dicyclohexylcarbodiimide 




DMAP 




4-^JV-dimethylaminopyhdine 




DME 


3 


ethylene glycol dimethyl ether 




DMF 




MiV-dimethylformamide 


• 


DMSO 




dimethylsulfoxide 




EDC 


3 


l-(3-dimcihylaminopropyl)-3- 


35 






ethylcarbodinnide hydrochloride 




EtjN 




trietfaylamine 




EtjO 


3 


diethyl ether 




EtOAc 


3 


ethyl acetate 




EtOH 




ethanol 


40 


eq or eq. 




equivalent 




Fmoc 


3 


/V-{9-fluorenylmethoxycarbonyl) 
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FmocONSu 


S5 


M(9-fluorenylmethoxycarbonyl)- 
succinimide 




g 


3 


grams 




h 


=3 


hour 


5 


HjO 


= 


water 




HBr 


3 


hydrobromic acid 




HCl 


= 


hydrochloric acid 




HOBT 


3 


1-hydroxybenzotriazole hydrate 




hr 


= 


hour 


10 


KjCO, 


= 


potassium carbonate 




L 


3 


liter 




m 


3 


multiplet 




MeOH 


= 


methanol 




mg 


= 


milligram 


15 


MgSO« 


3 


magneshim sulfate 




ml. 




milliliter 




nun 


= 


millimeter 




mM 


3 


millimolar 




nunol 




: millimol 


20 


mp 


3 


melting point 




N 




normal 




NaCl 




sodium chloride 




NaiCO, 


3 


sodium carbonate 




NaHCO, 


= 


sodium bicarbonate 


25 


NaOEt 


3 


sodiimi ethoxide 




NaOH 




sodhun hydroxide 




NH4a 




anunonium chloride 




NMM 




^-methyhnorpholine 




Phe 




L-phenylalanine 


30 


Pro 




L-proiine 




psi 


3 


pounds per square inch 




PtO, 


3 


platinum oxide 




q 


=»' 


quartet 




q.s. 


S 


quantity sufficient 


35 


quioL 




quintet 




rt 




room temperature 




s 




singlet 




sat 




samrated 




t 


3 


triplet 


40 


t-BuOH 




rerr-butanol 




TFA 




trifhioroacetic acid 




THF 




tetrahydrofurao 




TLCorde 




thin layer chromatography 




Ts 


3 


cosyl 


45 


TsQ 




cosyl chloride 
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TsOH = tosylate 

A^L = microliter 

In the examples below, all temperatures are in degrees Celcius (unless 
S otherwise indicated). The following Methods were used to prepare the 
compounds set forth below as indicated. 

Method 1 
AT-Tosvlation Procedure 

10 

/V-Tosylation of the appropriate amino acid was conducted via the 
method of Cupps, Boutin and Rapoport, /, Org. Chem., 1985. ifl: 3972, 

Method 2 

IS Methv! Ester Preparation Procedure 

Amino acid methyl esten were prepared using the method of Brenner 
and Huber, Helv. Chim. Acta, 1953, 26: 1109. 

20 Methods 

ftOP gQtipling Procedure 

The desired dipeptide ester was prepared by the reaction of a suitable N* 
protected amino acid (1 equivalent) with the appropriate amino acid ester or 
25 amino acid ester hydrochloride (1 equivalent), benzotriazol-l-yloxy* 
tris(dimethylaniino)phosphonium hexafhioropbosphate [BOP] (2.0 
equivalent), trietbylamine (M equivalent), and DMF. The reaction mixture 
was stirred at room temperature overnight The crude product is purified by 
.flash chromatography to afford the dipeptide ester. 

30 

Method 4 

Hyrfrngenatinn Procedufe I 

Hydrogenation was performed using 10% palladium on carbon (10% by 
35 weight) in methanol at 30 psi overnight. The mixoire was filtered through a 
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pad of Celite and the filtrate concentrated to yield the desired amino 
compound. 

Method S 

5 Hy^rnlvsia Procedure I 

To a chilled (O'C) THF/H2O solution (2:1 . 5 - 10 mL) of the 
appropriate ester was added UOH (or NaOH) (0.95 equivalents). The 
temperamre was maintained at CC and the reaction was complete in 1-3 
10 hours. The reaction mixture was extracted with ethyl acetate and the 
aqueous phase was lyophilized resulting in the desired carboxyiate salt. 

Method 6 
f,«t>r Hvrirnlvsi» Pmcedure H 

15 

To a chilled (O'Q WFIHfi solution (2: 1, 5 - 10 mL) of the 
appropriate ester was added LiOH (l.l equivalents). The twnperanire was 
maintained at 0°C and the reaction was complete in 1-3 hours. The reaction 
mixnore was concentrated and the residue was taken up into HiO and the pH 
20 adjusted to 2-3 with aqueous HCl. The product was extracted with ethyl i 
acetate and the combined organic phase was washed widi brine, dried over 
MgSO*, filtered and concentrated to yield the desired acid. 

Method? 

25 Fltff- "yHmlvsia Pmcedure HI 

The appropriate esta was dissolved in dioxane/HjO (1:1) and 0.9 
equivalents of 0.5 N NaOH was added. The reaction was stirred for 3-16 
"hours and then concentrated. The resulting residue was dissolved in HO 
30 and extracted with ethylacetate. The aqueous phase was lyophilized to yield 
the desired carboxyiate sodium salt. 
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Methods 

5^|^lfnnvbtinn Procedure I 

To the appropriately protected aminophenylalanine analog (11.2 mmol). 
5 dissolved in methylene chloride (25inl) and cooled to -78'*C, was added the 
desired sulfonyl chloride (12 mmol) followed by dropwise addition of 
pyridine (2 mL). The solution was allowed to warm to room temperature 
and was stirred for 48 hr. The reaction solution was transferred to a 250 mL 
separatory funnel with methylene chloride (100 mL) and extracted with IN 
10 HCl (50 mL x 3)» brine (50 mL), and water (100 mL), The organic phase 
was dried (MgSO*) and the solvent concentrated to yield the desired product 



15 



Method 9 
P^iicrive Aminatinn Procedure 



Reductive amination of Tos-Pro-p-NlP-Phe with the appropriate 
aldehyde was conducted using acetic acid, sodhun triacetoxyborohydride and 
methylene chloride, and the combined mixture was stirred at room 
temperature overnight. The crude product was purified by flash 
20 chromatography. 



Method 10 
P^n^^va' Procedure 

2S Anhydrous hydrochloride (HCl) gas was bubbled through a methanolic 

soiutioaof the appropriate Boc-amino acid ester at O'^C for 15 minutes and 
the reaction mixmre was stirred for three hours. The solution was 
concentrated to a syrup and dissolved in Et^O and reconcentrated. This 
procedure was repeated and the resulting solid was placed under high 

30 vacuum overnight. 
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Method U 

f f^-Hiitvl F-s tor HvHrnlvsi<i Prneedure I 

The w/T-butyl ester was dissolved in CHjCIi and treated with TFA. The 
reaction was complete in 1-3 hr, at which time the reaction mixture was 
concentrated and the residue dissolved in HjO and lyophilized to yield the 
desired acid. 

Method 12 
ppr rniipliny Pmeedure 1 

To a CHtCl, solution (5-20 mL) of N-(toluenc-4.sulfonyl)-L-proline (1 
equivalent), the appropriate amino acid ester hydrochloride (I equivalent). 
N-medxylmorpholine (1.1-2.2 equivalents) and l-hydroxybenzotriazole (2 / 
equivalents) were added and mixed, placed in an ice bath and l-(3- 
dimethylaminopropyl)-3-ethyl carbodiimide (I. I equivalents) added. The 
reaction was allowed to rise to room temperaoire and was stirred overnight. 
The reaction mixture was poured into HjO and the organic phase was 
washed with sat. NaHCO, and brine, dried (MgSO^ or NajSO*). filtered and 
concentrated. The crude product was purified by column chromatography. 

Method 13 

pp(; PfiiipHng Procedure H 

To a DMF solution (5-20 mL) of the appropriate N-protected amino acid 
(1 equivalent, the appropriate amino acid ester hydrochloride (1 equivalent). 
EtjN (1.1 equivalents) aixl l-hydroxybenzotriazole (2 equivalents) were 
added and mixed, placed in an ice bath and l-(3-dimethylaminopropyl>3- 
ethyl carbodiimide (l.l equivalents) added. The reaction was allowed to rise 
to room temperamre and was stirred overnight The reaction mixmre was 
partitioned between EtOAc and H,0 and the organic phase washed with 0.2 
N citric acid. HjO. sat. NaHCO, and brine, dried (MgSO« or NajSO*). 
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filtered and concenirated. The crude product was purified by column ^ 
chromatography or preparative TLC. 



Method 14 

S Sulfonvlation Procadurg FT 

The appropriate sulfonyl chloride was dissolved in CUCI, and placed in 
an ice bath. L-Pro-L-Phc-OMe • HQ (1 equivalent) and E^N (1.1 
equivalem) was added and the reaction allowed to warm to room temperamre 
10 and stirred overnight under an atmosphere of nitrogen. The reaction mixture 
was concentrated and the residue partitioned between EtOAc and H^O, and 
the organic phase was washed with sat. NaHCO> and brine, dried (MgSO* or 
Na2S04), filtered and concentrated. The crude produa was purified by 
cohimn chromatography or preparative TLC. 

15 

Method 15 
Sulfonvlatinn Prncgdure TH 

To a solution of L-Pro-L-4-(3^imethylaminopropyloxy)-Phe-OMe (1 
20 equivalent) (prepared using the procedure described in Method 10] in Cf^CI, 
was added Et,N (5 equivalents) followed by the appropriate sulfonyl chloride 
(1.1 equivalent). The reaction was allowed to warm to room temperature 
and stirred overnight under an aunosphere of nitrogen. The mixmre was 
concentrated, dissolved in EtOAc, washed with sat. NaHC(>, and 0.2 N 
25 citric acid. The aqueous phase was made basic with solid NaHCQ and the 
product extracted with EtOAc. The organic phase was washed with brine, 
dried (MgSO^ or Na^SOJ, filtered and concentrated. The crude methyl ester 
was purified by preparative TLC. The corresponding acid was prepared 
using the procedure described in Method 7. 



30 
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^ Method 16 

Hyrirfiycnaiion Procedure n 

To a methanol (10 *IS mL) solution of the azlactone was added NaOAc 
5 (1 equivalent) and 10% Pd/C. This mixture was placed on the hydrogenator 
at 40 psi Hj. After 8 - 16 hours, the reaction mixoire was filtered through a 
pad of Celite and the filtrate concentrated to yield the dehydrodipeptide 
methyl ester. The ester was dissolved in dioxanc/HjO (5- 10 mL), to which 
was added 0.5 N NaOH (1.05 equivalents). After stirring for 1- 3 houn, the 
10 reaction mix was concentrated and the residue was redissolved in HtO and 
washed with EtOAc. The aqueous phase was made acidic with 0.2 N HCI 
and the product was extracted with EtOAc. The combined organic phase 
was washed with brine (1x5 mL), dried (MgS(3^ or NajSOJ, filtered and , 
concentrated to yield the acid as approximately a 1 : 1 mixture of 
15 diastereomers. 

Method 17 
r/>rf-Rutvl Ester Hvdmlvsis Procedure U 

20 The ftfjt-butyl ester was dissolved in CH1CI2 (5 mL) and created wit|i 

TFA (5 mL). The reaction was complete in 1-3 hours, at which time the 
reaction mixmre was concentrated and the residue dissolved in HiO and 
concentrated. The residue was redissolved in HzO and lyophilizcd to yield 
the desired product. 

25 

Example I 
Synthesis of 
^.(MethancsulfonyO-L-proiyKL-phenylalanine 

30 Boc-L-Pro-OH and L-Phe-OBn • Hcl were treated with BOP and NMM 

in DMF to give, after aqueous worta^i and flash chromatography, Boc-L- 
Pro-L-Phe-OBn. This product was then treated with TFA and anisole, and 
the mixmre was evaporated. The residue was dissolved in E^O and washed 
with samrated aqueuos NaHCO, and saturated aqueous NaCl. The E^O 
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* layer was dried over anhydrous MgSO,, filtered, and the solvent evaporat^ 
to give L-Pro-L-Phe-OBn. The residue was treated with CH,SO,Cl and Et,N 
in CHjCl, to give, after aqueous workup and flash chromatography, ff- 
(CHjSO^L-Pro-L-Phe-OBn. This produa was then treated with 10% Pd on 
5 C in THF, and the mixnire was shaken under 50 psi The mixnire was 
filtered through Celite, and evaporated to give the title compound as a clear 
oil. 

NMR data was as follows: 

'H NMR (DMSO-<<„ 30O MHz): 5 » 7.93 (d. / » 8.2,'lH), 7.27-7.13 
10 (m, 5H). 4.51-4.45 (m. IH), 4.15 (dd, / - 8.7. J-2.6, IH), 3.59 (t, 7 - 
6.1. IH). 3.30-3.25 (m. 2H). 3.10 (dd. / - 13.7, J«4.9. IH). 2.96 (dd, J 
- 13.7. / - 9.1. IH), 2.87 (s, 3H). 2.03-1.93 (m, IH). 1.77-1.54 (rn. 3H)^ 

"C NMR (DMSOsi. 75 MHz): d - 172.6, 171.1. 137.4. 129.2. 
128.1. 126.4. 61.2, 53.0. 48.6, 36.5, 35.2, 30.6, 24.0. 
15 Mass Spectroscopy: (+FAB, 3-mtrobenzyi alcohol) 341 (MH+). 

Example 2 
Synthesitof, 

AKa-Toluaiesuiroiiyl)*L-prolyUL-phenylalaiiine ' 

20 

Substimtion of PhCHiSO,Cl for CH,SO,a. and foUowing the methods 
for preparation of Example 1 (9). gave the title conqwund as a clear oU. 
NMR data was as follows: 

'H NMR (DMS0-<4, 300 MHz): 6 - 8.01 (d. / » 8.2. IH). 7.39-7.20 
25 (m. 5H). 7.18-7. 13 (m. 5H), 4.53-».46 (m. IH). 4.42 (d, 7 - 13.5. IH). 
4.35 (d, / - 13.5, IH). 4.20-».17 (m. IH), 3.31-3.18 (m, 3H), 3.09 (dd. / 
. = 13.9. J - 4.8. IH). 2.96 (dd. / - 13.8. / - 8.9. IH). 2.03-1.95 (m. 
IH). 1.79-1.58 (m. 3H). 
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^ NMR (DMS0-i4, 75 MHz): 6 ^ 172.6. 171.5. 137.6. 131.0. 

129.3, 129.0. 128.9. 128.1. 128.0, 126.3. 61.5. 53.3. 48.8. 36.5, 30.8, 
30.6, 24.0. 

Mass Spectroscopy: (+FAB, 3-mtrobenzyl alcohol) 417 (MH+). 

5 

Example 3 
Synthesis of 

iV-<ToIuene^uifoayl)-L-{»t>iyl-L-phenyialaiiiiie 

10 Substitution of 4^H3(C^4)S02C1 for CHiSOiQ. and fellowing the 

methods for preparation of Example I (9), gave the title compound as a clear 
oil. 

NMR data was as follows: 

NMR (DMSCK, 300 MHz): 5 » 8.07 (d, J = 8.0. IH), 7.68 (d, 
15 / 8.2, 2H), 7,39 (d, J = 8.1. 2H). 7.29-7. 15 (m, 5H). 4.52-4.44 (m. 

IH). 4.10-4.07 (m, IH), 3.34-3.27 (m, IH), 3.12-3.06 (m, 2H). 2.98 (dd. J 
= 13.7, / a 8.7. IH). 2.39 (s. 3H). 1.57-1.36 (m, 4H). 

^^C NMR (DMS<M(» 75 MHz): 6 = 172.6. 170.8. 143.6, 137.4. 
133.8. 129.8. 129.3, 128.1. 127.5, 126.4, 61.3. 53.2. 49.0, 36.6, 30.4.^ 
20 23.7.21.0. 

Mass Spectroscopy: (-KFAB. glycerol/trifluoroacctic acid) 417 (MH+). 

Example 4 
Synthesis of 

25 AMToiiiciie-4*sulfonyl)-L-prolyl-MiVHnethyI)pheiiyl 

iV-Methyl-L-Phe-OH was treated with benzyl alcohol and 
4-mcthylphenylsulfonic acid to give iV-Methyl-L-Pbc-OBnTsOH. 
Substimtion of L-Pro-OH for D-Pro-OH, and subsiimtion of iV-Methyl-Phe- 
30 OBtt • TsOH for L-Phe-OBn • TsOH, and following the methods for 
preparation of Example 6 (17). gave the title compound as a clear oil. 

NMR data was as follows: 

*H NMR (DMSO-di. 300 MHz): 6 = 7.60 (d. / » 8.2, 2H). 7.34 (d. 



wo 99/06436 



-97- 



PCT/IIS98/15317 



/ = 8.2. 2H), 7.27-7. 16 (m. 5H), 4.97-4.92 (m. IH). 4.64^.61 (m. IH). " 
3.33 (b$, IH). 3.25-3.12 (in. 3H). 3.04 (dd. / = 10.5. / - 14.6. IH). 2.85 
(s, 3H). 2.37 (s. 3H>. 1.86-1.72 (m. 2H). 1.68-1.50 (m. 2H). 

"C NMR (DMSCMj. 75 MHz): 5 = 171.9. 171.1. 143.0. 137.9. 
5 135.6. 129.6. 128.7. 128.2. 127.2. 126.3, 58.6. 48.0. 33.4. 33.0, 30.4. 
29.6. 23.9, 21.0. 

Mass Spectroscopy: (+FAB, 3-nitrobenzyi alcohol) 431 (MH+). 

4 

Example S 

IQ Synthesis of 

iV-(ToIueiie-4-suifonyl^L-pipecoUnyl*I^phenyIalaiiine 

Substinitioa of L-pipecolinic acid for D-Pro-OH, and following the 
methods for prepanttioa of Example 6 (17>, gave the title compound as a 
15 clear oil. 

NMR daa was as follows: 

'H NMR (DMSO-fl?,. 300 MHz): 6 = 8.09 (d. / » 8.0. IH). 7.44 (d. 
/ » 8.2. 2H), 7.34-7.21 (m. 5H). 7.17 (d. / = 8.2. 2H), 4.44 (d. / - 4.8. 
IH), 4.32-4.24 (m. IH). 3.61-3.53 (m. 2H). 3.33 (bs, IH), 3.17-3.11 (19, 
20 IH), 3.07 (dd, y - 13.8. / - 4.5. IH). 2.89 (dd. / » 13.8, / » 9.9. IH). 
2.33 (s. 3H). 1.88 (bd, J-12.9. IH). 1.40-1.30 (m. 3H). 1.08-1.05 (m. 
2H). 

"C NMR (DMSO-4!, 75 MHz): 6 - 172.8. 169.8. 142.7. 137.7. 
136.6, 129.4, 129.2. 128.2, 126.8i 126.5. 54.1, 53.4, 42.4. 36.3. 30.4. 
25 26.7. 23.3. 21.0. 

Mass Spectroscopy: (+FAB. 3-nitrobeiizyl alcohol) 431 (MH-K). 

Example 6 
Synthesis of 

30 ^.(ToIuene-4-suifoayiVO-prolyl*L-phenylalanine 

D-Pro-OH was treated with TsCI and NaOH in HO to give, after 
acidification, extraction, drying over anhydrous MgS04, and evaporation, 
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^ (Toluene-4-sulfonyl)-D-Pro-OH. This product was treated with H-Phe- " 
OBn • Hci. BOP, and NMM in OMF to give, after aqueous workup and 
flash chromatography, ^-(toluene-4-sulfonyl)-D-Pro-Phe-OBn. This product 
was treated with 10% Pd on C in THF, and the mixture was shaken under 50 
S psi Hj. The mixture was filtered through celite and evaporated to give the 
title compound as a clear oil. 
NMR data was as follows: 

'H NMR (DMSO^s. 300 MHz): 6 = 8.10 (d. / = 8.4, IH), 7.70 (d, 
J = 8.2. 2H). 7.40 (d, / = 8.2, 2H). 7.28-7.15 (ra. 5H). 4/51-4.44 (m. 
10 IH). 4.13 (t. J=5.7. IH). 3.33-3.25 (m. 2H). 3.11-3.03 (m. 2H). 2.94 (dd. 
J » 13.8. J » 9.0. IH). 2.39 (s. 3H), 1.66-1.57 (m. IH), 1.50-1.37 (m, 
3H). 

'^C NMR (DMSOh^. 75 MHr): 4 « 172.6. 170.8, 143.5. 137.3. 
134.1, 129.8, 129.3, 128.1; 127.4, 126.4, 61.3, 53.0. 48.9. 36.8, 30.4, 
15 23.8.21.0. 

Mass Spectroscopy: (+FAB, 3-aitrobeTizyl alcohol) 417 (MH+). 

Example 7 
Synthesis of 

20 iV^ToIuene-4-suironylVM'nm5-4-hydroxy)«prdyl-L*ph^ 

Substitution of trans-4*hydroxy-L-proline for D-Pro-OH, and following 
the methods for preparation of Example 6 (17), gave the dtle compound as a 
clear oil. 

25 NMR data was as follows: 

*H NMR (DMS0-4j. 300 MHz): 6 = 8.25 (d, / « 8.1, IH), 7.64 (d. 
y » ».2. 2H>, 7.36 (d. J « 8.2. 2H). 7.30-7.15 (m, 5H), 4.81 (bs, IH), 
* 4.47-4.40 (nu IH). 4.15-4.10(m.2H). 3,44(dd,/=» 10.3, /=» 4.8. IH), 
3.35 (bs. IH). 3.09-2.91 (m. 3H). 2.38 (s. 3H), 1.72-1.64 (m. 2H). 
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^ "C NMR (DMSO-4,. 75 MHz): 5 = 172.6. 171.0. 143.1. 137.4. ' 
134.1. 129.5. 129.3. 128.1. 127.7. 126.4. 68.1. 60.3. 56.1. 53.4. 36.7. 
30.4, 21.0. 

Mass Spectroscopy: (-i-FAB. 3-nitrobenzyl alcohol) 433 <MH+). 

5 

Example 8 
Synthesis of 

M{ToIuene-4-sulfonyI)>L-{azetidine-2-carbooyl)-L-plienylalaiiiiw 

10 Substitution of (S)-2-azetidinecarboxylic acid for 0-Pro-OH. and 

following the methods for preparation of Example 6 (17). gave the title 
compound as a clear oil. 

NMR data was as follows: 

'H NMR (DMSOnii, 300 MHz): 6-8.12 (d. / » 8.0, IH), 7.69 (d, ' 
15 y - 8.2. 2H). 7.47 (d, 7 =- 8.2, 2H), 7.31-7.13 (m, 5H). 4.54^.47 (m, 

IH), 4.23 (t, / » 8.3. IH). 3.67-3.58 (m, 2H). 3.47 (q, 7 - 8.4. IH). 3.33 
(b$, IH). 3.10 (dd. J - 13.7. J = 5.2, IH). 2.98 (dd. / - 13.6, / » 7.9. 
IH). 2.42 (s, 3H). 2.03-1.87 (m. 2H). 

"C NMR (DMSO-di. 75 MHz): 4 = 172.3. 168.7. 144.3. 137.1, 
20 130.9, 130.0, 129.4. 128.3, 128.2. 126.6. 61.8, 53.1. 47.9. 36.7, 21.1.' 
19.6. 

Mass Spectroscopy: (-i-FAB, 3-nitrobenzyl alcohol) 403 (MH-(-). 

Example 9 

25 Synthesis of 

AMTohieDe-4-sulfonyl)-L-prolyl*D,L-hoinopheiiylalaiiiiie 

M(toiuene-4-sulfonyl)-L-proline (250 mg, 0.92 nunol) was dissolved in 
DMF (20 mL) with DX*homopheayIaianine methyl ester (166 mg, 1.1 eq), 
30 Et,N (2.1 eq, 283 mU, and BOP (1. 1 eq, 410 mg). The dipeptide was 

isolated in 73% yield (300 mg, 0.67 mmol) as an oil. The ester (300 mg, 
0.67 mmol) was then hydrolyzed in a 1:1 MeOH:HtO (5 mL) solution with 
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^ NaOH (l.l eq, 28 mg). The acid was isolated as a foam in 60% yield (175 
mg. 0.40 mmol). 

NMR data was as follows: 

'H NMR (300 MHz, CDjOD): 6 = 7.60 (m, 2H), 7.20 (m, 2H). 7.03 
5 (m. 5H). 4.23-3.87 (m. 2H), 3.42 (m. IH). 3.29 (m, IH). 2.58 (m, 2H). 
2.20 (s, 3H). 2.02-1.38 (m, 7H). 

"C NMR (75 MHz, CDjOD): 6 =» 175.53, 175.17. 146.49. 146.19, 
142.93, 135.91. 135.04. 131.72. 130.28. 129.61. 129.49, 129.21. 127.70, 
64.39, 63.59, 53.76. 53.52, 51.55, 51.17, 35.15, 33.42, 32i74, 32.60. 
10 32.48,26.28,26.20.22.14. 

Mass Spectroscopy: (FAB) 431 (M>H). 

Example 10 
, Synthesis of . 

15 A^(4<;Morobeiizene$uironyI)*L*prolyl-L-plienylaIaiiine 

Substitution of 4-chlorcphcnyl-S02Cl for CHjSOiCl, and following the 
methods for the preparation of Example 1 (9), gave the tide compound as a 
solid, mp a 6?-7rC. 
20 NMR data was as follows: 

NMR (300 MHz, CDCl,): 6 - 7.77 (m, 2H), 7.53 (m, 2H), 7.31 
(m, 5H), 4.72 (m, IH), 4.04 (nu IH). 3.35 (m. 2H), 3.10 (m, 2H), 2.05 (m, 
IH). 1.54 (m, 3H). 

^'C NMR (75 MHz, CDjOD): 6 = 174.67. 174.41. 141.23. 138.81. 
25 137.55. 135,02, 131.18. 13004. 129.45. 128.45. 63.75, 55.48. 38.79. 
32.32, 25.87 (IC buried under solvem peak). 
Mass Spectroscopy: (FAB) 437 (M + H). 
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10 



Example 11 
Synthesis of 
A^-(l*NaptathaIen(^ulfonyi)-L-pro^^ 

Substitution of l-naphthyl-SO^Cl for CHjSOjCl, and following the 
methods for preparation of Example 1 (9). gave the title compound as a clear 
oil. 

NMR data was as follows: 

»H NMR (DMS0-4s. 300 MHz): 6 » 8.73-8.70 (m, IH), 8.24 (d, / ^ 
8.2. IH). 8.12-8.06 (m. 2H). 7.69-7.57 (m, 2H). 7.33-7.13'{m, 7H), 4.40- 
4.33 (ra, 2H). 3.34-3.23 (m. 3H), 3.03 (dd, / » 14.0. / = 5.2, IH), 2.88 
(dd. J = 13.7. J a 8.8, IH). 1.79-1.15 (m. 4H), 

'^C NMR (DMSO^j. 75 MHz): 4 - 172.6. 170.9. 137.4, 134.3. 
134.0. 133.6, 129.2, 129,1, 129.0. 128.23. 128.18. 128,1, 126.9, 12$.4. 
15 124.7. 124.6. 60.6, 53.4, 4»:7, 36.5. 30.8, 24.0. 

Mass Spectroscopy: (+FAB, 3-nitrobenzyl alcohol) 475 (Mna-K). 

Example 12 
Synthesis of 

20 iV*(2-Naphthaienesuifonyl)*Lrprolyl-L-phnylaIanine ' 

Substitution of 2-aaphthyl,-S02a for CH^SOjCI, and following the 
methods for preparation of Example 1 (9). gave the titie compound as a clear 
oil. 

25 NMR data was as follows: 

^H NMR (DMSO^, 300 MHz): 6 - 8.18^,03 (m, 4H), 7.82 (dd, / = 
8.7. / » 1.8, IH), 7.74-7.64 (m, 2H). 7.32-7.15 (m, 6H), 4.53-4.46 (m, 
IH), 4.25^.21 (m, IH), 3.34-3.27 (m, 3H), 3.10 (dd. J » 13.8, / » 5.1. 

* 

IH). 2.99 (dd» / » 13.7, / - 8.8. IH), 1.56-1.36 (m. 4H). 
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^ "C NMR (DMS0-<<5. 75 MHz): 6 = 172.6. 170.8, 137.4. 134.4. 
133.9. 131.8. 129.4. 129.3. 129.0. 128.7. 128.1. 127.8. 127.6. 127.4. 
122.8. 61.4. 53.2. 49.1. 36.6, 30.4. 23.8. 

Mass Spectroscopy: (+FAB. 3-niirobenryl alrohol) 475 (Mna+). 

5 

Example 13 
Ssmtbesisof 

A^(4>Methoxybaizenesiilfonyi)-L'prolyl>L-phenylalaniiie 

10 Substitution of 4-methoxyphenyl-SOiCI for CH,S0}C1. «nd following 

the methods for the preparation of Example 1 (9). gave the title compound as 
a solid. 

NMR data was as follows: 

'H NMR (300 MHz. CDO,): 5 » 7.77 (m. 2H). 7.31 (m. 5H). 7.01 
15 (m, 2H), 4.80 (m. IH). 4.05'(m. IH), 3.86 (s, 3H). 3.35 (m. 2H). 3. 10 (m. 
2H), 1.96 (m. IH). 1.54 (m. 3H). 

"C NMR (75 MHz, CD,OD): 6 » 174.69. 174.54, 165.63, 136.75, 
131.69. 131.07. 130.02, 128.45. 116.13. 63.84, 56.83, 55.35, 51.09. 
38.81. 32.15. 26.63. 
20 Mass Spectroscopy: (FAB) 433 (M-t-H). 



Example 14 
Synthesis of 

Ar-(4i^ft>ButylbenzenesulfoDyl)-L-proiyl>L-phenyialanine 



25 



Substitution of 4-i»t-butyiphenyl-S0xCI for CH,SOtCI. and following 
the methods for preparation of Example 1 (9), gave the title compound as a 
solid. 

NMR data was as follows: 
30 'H NMR (300 MHz, CDCI,): 6 » 7.75 (d, 2H. / » 8.52 Hz), 7.55 (d, 

2H, / = 8.43 Hz). 7.29 (m. 5H). 4.80 (m, IH), 4.05 (m, IH). 3.30 (m, 
3H), 3.10 (m, 3H), 1.95 (m. IH). 1.56 (m. 2H). 1.34 (s. 9H). 
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"C NMR (75 MHz, CDjOD): « » 174.81. 174.47, 159.01, 138.79. 
135.59, 131.09, 130.02. 129.45. 128.43, 128.05. 63.83. 55.46. 51.09. 
38.84. 36.66, 32.20, 31.99, 25.83. 

Mass Spectroscopy: (FAB) 459 (M +H). 



Example 15 
Synthesis of 

iV-(Tdueiie-4-siiiroayl)-MtnifU-4-auoro)>proiyl*L-piienyl^^ 



The product from Exan^le 49 (176) was treated widi 10% Pd on C in 
THF and die mixnire was shaken under 50 psi H. The mixnire was filtered 
through ceiite and evaporated to give the title compound as a clear oil. 
NMR data was as follows:. 

'H NMR (DMSQ^. 300 MHi): 6 - 8.43 (d, / - 8.1, IH). 7.66 (d. 
15 y - 8.3. 2H). 7.35 (d, 7 - 8 J. 2H), 7.29-7. 13 (m, 5H), 5. 10 (bd, / - 

53.3, IH), 4.494.42 (ra. IH). 4.19 (t, J - 8.3, IH), 3.63-3.46 (m. 2H). 
3.34 (be. IH), 3.06 (dd. / » 13.7. J»5.4, IH), 2.95 (dd. / = 13.7, 

/ - 8.3, IH). 2.38 (s, 3H), 2.25-2.12 (m. IH), 1.94-1.72 (m, IH). 

NMR (DMSO-4,. 75 MHz): 6 » 172.5. 170.4, 143.4. 137.4. 
20 134.2. 129.5. 129.4. 128.1. 127.6, 126.5. 92.0 (d, J=177 Hz). 59.9. 55^1. 

53.4, 37.6 (d, J-21 Hz), 36.8. 21.0. 

Mass Spectroscopy: (+FAB. 3-nitrobenzyl alcohol) 435 (MH+). 

Example 16 

25 Synthesis of 

iV-KTo hwne i s ulfooyl)-L-(cif-4'fluofo)-proiyl-L-ph<nylalantoe 

The product from Example 50 (177) was treated with 10% IM on C in 
THE and was shaken under 50 psi H^. The mixture was filtered through 
30 ceiite and evirated to give the tide compound as a clear oil. 
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^ NMR data was as follows: 

'H NMR (DMSO-di. 300 MHz): 6 ^ 7.78 (d, / = 7.7, IH). 7.73 (d, J 
= 8.2, 2H). 7.41 (d, J » 8.2, 2H), 7.29-7.13 (m. 5H), 5.10 (dt, Jd ^ 52.9, 
Ji = 3.5. IH), 4.53-4.46 (m. IH). 4.31-4.27 (m, IH), 3.60-3.28 (m, 3H), 
5 3.06-2.94 (m, 2H), 2.39 (s, 3H). 2.18 (dd, J = 19.8, / = 15.2, IH), 1.93- 
1.70 (m, IH). 

'^C NMR (DMSCK, 75 MHz): 6 » 172.1, 169.7, 144.1, 136.8, 
132.8, 130.0, 129.3, 128.1, 127.7, 126.6, 92.0 (d, J=176 Hz), 60.5, 55.1 
(d, J=23.5), 53.2, 36.9. 36.2, 21.0, 
10 Mass Spectroscopy: (+FAB. 3-niirobenzyl alcohol) 435 (MH-h). 



Exaxnple 17 
Synthesis of 
iV-(ToIueoe-4-5uiroayO-M5,5<KUmethyl)-tlib 



IS 



AKTolueae-4^sulfoiiyl)-L-<5,5-diniethyl)-thiazolidine*4-c^ acid 
was prepared from L-(5.5-diniethyl)-thiazolidine-4-carboxyiic acid using the 
procedure described in Method 1 . The title compound was prepared 
according to the procedure described for Example 1 (9) to provide for a solid 
20 having amp 3 79-81 "C. 

NMR data was as follows: 

'H NMR (CDCl,. 300 MHz): 6 = .98 (s. 3H). 1.08 (s. 3H). 2.42 (s, 
3H), 3.04-3.34 (m. 2H). 3.88 (s. IH). 4.38 (d. lH, / » 10.3 Hz). 4.52 (d, 
IH, / » 10.2 Hz). 4.90 (m. IH), 7.09 (bd, IH). 7.15-7.37 (m. 7H), 7.73 
25 (d.2H./a8.2Hz). 

"C NMR (CDCl,, 75 MHz): d = 22.3. 24.3. 29.6. 38.3. 51.2. 54.1. 
55.3, 73.9. 127.7. 128.7, 129.2. 130.1. 130.7. 133.0, 136.5. 145.6, 169.9, 
174.5. 

Mass Spectroscopy: (FAB-«>) 463 (M-f-H). 

30 
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^ Example 18 ^ 

Synthesis of 

/V-<2-MethoxycartM>nylbenzeiiesulfonyI)-L-prolyl-L-p 

5 The title compound was prepared from the product of Example 53 using 

the procedure described in Mediod 4, yielding a yellow solid, mp » 163- 

NMR data was as follows: 

'H NMR (CDCI3, 300 MHz): 5 » 8.74 (bs. IH); 7.93 (d. IH, / - 
10 7.57 Hz); 7.70 (d, IH, 7 = 8. 12 Hz); 7.57 & 7.25 (M, 8H); 4.69 (m, IH); 
4.39 (d. IH, J » 7.69 Hz); 3.93 (s. 3H); 3.44 (m, IH); 3.29 (m, 2H); 2.93 
(m, IH); 1.88, 1.62 & 1.17 (m. 4H). 

NMR (CDCIj. 300 MHz): 4 « 175.67. 172.45, 169.27, 137.19, 
135.39. 134.12, 133.67. 131.42, 130.55, 129.77. 129.52. 129.09, 127.52,^\ 
15 62.19. 54.08, 49.34, 37.58, 31.48. 30.89, 24.21. 

Mass Spectroscopy: (+FAB)46i (M+H) 483 (M+Na). 

Example 19 
Synthesis of 

20 ^K2-Caii>oxybenzeiiesiiifonyO*L-proIyl-L-phenylalaiiine , 

The produa of Example 18 (56) (1.8 mmoles) was mixed with dioxane 
(25 mL) and IN NaOH (1.8 ounoles) and the reacdon was stirred at room 
temperaoire for 16 hours. IN HCI (1.8 mmoies) was added and the water 
25 and dioxane were removed under reduced pressure. The product was 
extracted with 0.2 N NaOH (50 mL) and EtOAc (2 x 50 mL) and die 
recovered organic layer was dried over MgS04, filtered, and concentrated to 
yield a colorless oil. 

» 

NMR data was as follows: 
30 'H NMR (CDCI,, 300 MHz): 6 « 11.15 (bs, 2H); 7.95, 7.57. & 7.21 

(m, 9H): 4.74 (m, IH): 4.53 (m, IH); 3.44 (m, IH); 3.28 (m. 2H); 2.91 (m. 
IH); 1.89 (M. 2H); 1.60 (m. IH); 1.06 (m. IH). 
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^ NMR (CDCI5, 300 MHz): 6 = 175.75. 173.60, 171,31, 136.81, 

135.18. 133.72, 131.58. 130.81, 129.70, 129.18, 127.66. 67.52, 61.99, 
53.95. 49.36, 45.09. 37.40, 24.19. 21.66. 
Mass Spectroscopy; (+FAB) 447 (M+H) 

5 

Example 20 
Synthesis of 

iV-(Toluene-4-sulfonyI)-L*tldaproiyl«L«plienyialaniiie 

10 A^(Toluene-4.sulfonyl)-L-thia2olidinc-4-carboxylic acid >vas prepared 

from L-chiazolidine-4-carboxylic acid using the procedure described in 
Method I . The title compound was prepared according to the procedure 
described for Example 1 (9) as a solid, mp » 60-65 
NMR dau was as follows: 

15 NMR (CDCI3, 300 MHz): 6 = 2.43 (s. 5H), 3.0-3.40 (m. 3H), 4.0 

(d, IH, J =» 15.7 Hz), 4.55 (d, IH, J = 15.8 Hz). 4.64 (m, IH), 4.87 (m, 
IH), 7.19-7.41 (m, 7H), 7.72 (m, 2H). 

^'C NMR (CDCI,. 75 MHz): 6 = 22.3, 33.6, 37.7. 52.0, 53.0, 65.8, 
127.8, 128.5, 129.4, 129.9. 130.7, 133.9, 136.2, 145.7, 169.4, 175.0. 

20 Mass Spectroscopy: (FAB+) 435 (M+H). 



Example 21 
Synthesis of 

iV*<3,5*I}ichlorobenzenesuifonyl)-L*protyl*L-phenyialanine 



25 



Proline methyl ester hydrochloride (2.68 g. 16.2 mmol) was dissolved in 
pyridine (20 mL) and 3,5-dichloroptenylsulfonyt chloride (3.57 g, 14.6 
mmol) was added to the mixture and stirred for 19 hr. Water (5 mL) was 
* added and the mixture was stirred for 45 minutes before diluting with water 
30 (200 mL). The mixnire was extracted with E^O (2 x 150 mL) and the 

combined extracts were washed with water (3 x 100 mL), IN HCI (150 mL) 
and samrated aqueous NaHCO, (150 mL), then dried (MgS04)* filtered and 
evaporated in vacuo to give 3.5-dichlorophenylsulfonylproiine methyl ester 



- 107- 



PCT/US98/1S327 



as an oil (4.34 g, 8855). The methyl ester was dissolved in MeOH (20 ndS 
and m NaOH (20 raL) was added. The mixture was gently wanned until 
homogeneous and then stirred for 1.5 hr. The solvent was removed in vacuo 
and the residue taken up in water (50 mL). The aqueous sohition was 
washed with Et,0 (30 mL) and then made acidic with 12 N HCI. The 
mixmre was extracted wi* CHCI, (2 x 40 mL) and the combined extracts 
were dried over anhydrous MgSO,. filtered and the solvent evaporated in 
vacuo to give 3,5-dichlorophenyIsulfonyl.L-proline as a solid (3.37 g, 83%). 
3.5-Dichlorophenylsulfonyl-L-proline was coupled to L-phenylalanine ethyl 
ester using the procedure described in Method 3 above to give the 
corresponding dlpeptide ethyl ester (348 mg, 45%). The tide compound was 
prepared vU hydrolysis of the ethyl ester using NaOH in MeOH (61 mg. 
19%). NMR analysis indicated that diastereomers were present. 
NMR data was as follows: 

'H NMR (CDQ,): 6 » 8.11 (bs, IH), 7.72 (d. 2H. / = 1.9 Hz). 7.61 
(q. IH. J m 2.0 Hz), 7.39-7.20 (6H). 4.92 (m. IH). 4. 15 (m, IH). 3.52- 
3.09 (4H), 2.11 (m. IH). 1.95-1.49 (3H). 

"C NMR(CDaj): 5 = 175;4. 175.2. 171.8. 171,7. 139.5. 139,3. ' 
137.0. 136.6. 135.8. 134.0, 134.0. 129.9. 129.5. 127.7, 126.7. 111.4, 
63.1. 62.9. 53.8. 53.6. 50.5. 50.3. 45.1. 37.9. 31.3. 30.8. 24.8. 24.6. 

Mass Spectroscopy: FAB m/e 471 (M+H). 

Example 22 
Synthesis of 

i^K4-1WIllo^mledloxybenzeneslllfollyD•L-prol3rl•L•pllellylalanine 
The title compound was prepared as described in Example 2 1 (59) 

except 4-trifluoromethoxyphenylsulfonyl chloride was used in place of 3.5- 

dichlorophenylsulfonyl chloride. 
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^ NMR data was as follows: 

'H NMR (CDCl,): 5 - 7.90 (d, 2H. / = 8.8 Hz). 7.38-7.21 (8H). 6.90 
(bs. IH). 4.90 (m. IH). 4.15 (dd, IH. / = 2.5, 8.4 Hz), 3.38 (m. 2H). 3.12 
(m. 2H). 1.98 (m. IH). 1.55 (2H). 1.41 (m. IH). 
5 "C NMR (CDCI,): 4 » 174.9. 172.0, 153.3, 136.6. 134.9. 130.6. 

129.9, 129.2. 127.7, 121.7. 62.8. 53.8. 50.2, 37.9, 30.6. 24.6. 
Mass Spectroscopy: FAB m/e 487 (M+H). 

Example 23 

10 Synthesis of 

A^(3,4-DicliIorobenzencsulfonyl)>L-prolyl*L-plieiiyialanine 

The title compound was prepared as in Example 21 (59) except 3,4- 
dichloropbenylsulfonyl chloride was used in place of 3,5* 
15 dichlorophenylsulfonyl chlonde. 

NMR data was as follows: 

»H NMR (CDCl,): 6 » 7.94 (d, IH. / - 1.9 Hz), 7.64 (m, 2H), 7.55 
(bs. IH). 7.36-7.21 (6H). 4.92 (dt. IH. J - 5,2. 8.0 Hz). 4.16 (m, IH), 
3.36 (m. 2H). 3.11 (m. IH). 1.98 (m. IH). 1.58 (m. 2H), 1.40 (m. IH), 
20 NMR (CDCO: 5 = 175.6, 171.8. 139.5. 136.4, 134.7, 132.1. ' 

130.2. 129.9, 129.2, 127.7. 127.4, 62.9, 53.8, 50.3, 37.9. 30.7. 24.6. 
Mass Spectroscopy: FAB m/e 471 (M+H). 

Example 24 
Synthesis of 
iV^TolueQe-4-5ulfoiiyl)-D»M<mw*3-phenyOp^ 

^-(ToIuene-4*sulfonyl)-mzAi-3-phenylpToline (prepared via the method 
of Chung ct al., /. Org. Chem. , ij: 270-275 (1990)) was coupled to 
L-phenylalanine ethyl ester using the procedure described in Method 3 and 
purified by silica gel flash chromatography (93/7 dttCIj/MeOH) to give the 
ethyl ester of the title compound as a white solid* The acid was prepared via 
hydrolysis of the ethyl ester using NaOH in ethanol* 



25 



30 
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J'TNfR data was as follows: 

'H NMR (DMSOsl, d 8.38 (m.lH). 7.70 (m. 2H). 7.40-7.06 (lOH). 
6.80 (m. IH). 6.62 (m. IH), 4.50 (m. IH). 4.13 (d, 0.3H. / » 5.2 Hz), 
3.97 (d. 0.5H. J = 5.5 Hz). 3.46 (m, 2H), 3.02 (m. 3H), 2.43 (s. 1/2 X 
5 3H). 2.42 (s. 1/2 X 3H). 2.07 (in. IH). 1.45 (m. IH). 

'^C NMR (DMSCK): 6 - 172.9, 172.8. 170.7, 170.7, 144.1, 143.9. 
141.4, 141.3, 138.0. 137.7. 134.9, 134.6. 130.2. 130.1, 129.8. 129.6, 
128.7. 128.6, 128.5. 127.8. 127.7. 127.2, 127.1, 126.9, 126.8. 126.7. 
79.6, 67.9. 53.6, 53.5, 49.7, 49.5, 49.5, 49.1. 37.2, 37.1, 3l5, 32.3. 
10 21.4. 

Mass Spectroscopy: FAB nu/e 493 (M+H). 

Example 25 
Synthesis of 

15 A^-(3,4.Diinetho«ybenzenesulfonvl)-L»prolYl-L.ph.»ny igifli.{n« 

The tide compound was prepared as in Example 21 (59) except that 3.4- 
dunethoxyphenylsulfonyl chloride was used in place of the 3.5- 
dichlorophenylsulfonyl chloride. NMR analysis indicated that epimerization 
20 had occurred to give a ca. 65:35 mixmre of diastereomers. 
NMR data was as follows: 

'H NMR(CDCI,): 6 » 7.46 (m. IH). 7.39-7.20 (6H). 6.97 (dd, IH. J 
= 4.5. 8.4 Hz). 4.85 (m. IH). 4. 10 (ra. IH). 3.96 (s. 0.35 X 3H), 3.95 (s, 
0.65 X 3H), 3.93 (s. 0.35 X 3H). 3.92 (s. 0.65 X 3H), 3.44-3.22 (2H). 3.11 
25 (m, 2H), 2.01 (m; IH). 1.60-1.33 (3H). 

"CNMR(CDCI,): 6 - 175.1. 174.7. 172.5, 172.3, 153.7, 149.8. 
.136.6. 135.9. 130.2, 129.9. 129.4. 129.1. 128.0, 128.0. 127.9. 127.7, 
122.4, U1.4. 110.7. 63.2, 62.8. 57.0. 56.8, 53.8, 53.6. 50.3, 50.2. 38.0. 
31.1.30.5.24.8.24.7. 
30 Mass Spectroscopy: FAB m/e 463 (M+H). 
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^ Example 26 

Synthesis of 

iV<^Beiizene-4-sulfoiiyi)-D,I^(m*3-phenyi)prolyl-L-phenyI^^ 

5 A^Acetyl-cw-3-phcnylproline ethyl ester (614mg» 2.35 mmol) (prepared 

via the method of Chung, et al,, /. Org, Chm.ii: 270-275 (1990)) was 
dissolved in HOAc (4 mL) and 6N HCl (12 mL) and heated at reflux for 13 
hr. The mixture was cooled to room temperature and the volatiles were 
evaporated in vacuo to give a white solid. The solid was dissolved in IN 

10 NaOH (15 mL) and dioxane was added (10 mL), followed by 4-toluene- 
sulfonyl chloride (458 mg, 2.40 mmol). The mixoire was stirred at room 
temp for 18 hr before addition of 6N HCl to bring the pH < 4. The mixnire 
was extracted with E^O (3 X 40 mL) and the extracts were dried (MgSG^, 
filtered, and evaporated in vacuo to give ^-<toluene-4-sulfonyl>*ci5*3- 

15 phenylproline as a white solid (765 mg, 94%). 

/V-(Toluene-4-sulfonyl)<ii-3-phenylproline was coupled to 
phenylalanine ethyl ester using the procedure described in Method 3. The 
title compound was prepared via hydrolysis of the ethyl ester using NaOH in 
ethanol. 

20 NMR daa was as follows: 

'H NMR (CDCI,): 5 = 8.57 (b$. IH), 7.77 (m. 2H), 7.31^.70 (12H). 
4.65 (m, 0.5H), 4.47 (m. 0.5H). 4.4Kd, 0.5H, / = 8.9 Hz). 4.34 (d, 0.5H. 
/ » 9.0 Hz). 3.73. (m. IH). 3.28-2.76 (4H). 2.44 (s, 3H), 2.40 (m. 0.5H), 
2.17(in.0.5H). 1.8 (ra. IH). 
25 "C NMR (CDCI,): S » 174.5, 173.9. 169.5, 168.8, 144.3. 136.1, 

135.8. 135.6, 135.3. 133.4. 133.1. 129.9. 129.6, 129.4. 128.6. 128.6. 
^ 128.3, 127.8. 127.7. 127.5. 127.1. 127.0. 65.9. 65.8, 53.6. 52.5. 48.5, 
48.3. 48.2, 37.5, 37.3. 39.0. 28.6. 21.6. 
Mass Spectroscopy: FAB m/e 493 (M>H>. 



30 
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Example 27 
Synthesis of 

^•(4-NitrobeiizenesiiiroQylVL-prolyI-L*plienylaIai^ 

The title compound was prepared as in Example 21 (59) except 4- 
nitrophenylsulfbnyl chloride was used in place of 3,5-dichlorophenylsulfonyl 
chloride, mp » 70-WC. 

NMR data was as follows: 

NMR (CDCl,): 6 - 8.38 (d, 2H, / = 8.9 Hz). 8.02 (d. 2H. / - 8.9 
Hz). 7.32-7.20 (6H), 4.90 (m, IH). 4.25 (dd, IH, / » 2.5,18.4 Hz). 3.42 
(m, 2H). 3.16 (m, 2H). 1.98 (m. IH), 1.62 (m. 2H), 1.54 (m, IH). 

''C NMR (CDCIJ: 6 » 175.0, 171.8, 151.1, 142.5, 136.4, 129.9. 
129.7. 127.8. 125.2, 62.9, 53.7. 50.3, 37.9. 30.9, 24.7, 

Mass Spectroscopy: FAB m/e 448 (M+H). 



Example 28 
Synthesis of 

A/^(4-AcetamidobenzenesuifonyO-L-pn)tyKI^phenyIaIa^ 

20 The title compound was prepared as in Example 21 (59) except 4- 

acetamido-phenylsulfonyl chloride is used in place of 3.5- 
dichlorophenylsulfonyl chloride. 
NMR data was as follows: 

*H NMR (DMSO-dJ: 5 - 12.85 (bs, IH), 10.4 (bs, IH), 8.07 (d, IH. 
25 / » 8.2 Hz), 7.76 (ab q. 4H). 7.25 (m, 5H), 4.49 (dd, 2H, / - 3.2, 8.2 
Hz), 4.06 (m, IH), 3.36 (m, IH), 3.08 (3H). 2.09 (s, 3H). 1.58-1.48 (4H). 
"C NMR (DMSO-d^: 6 » 173.0, 171.2, 169.5, 143.9, 137.8, 130.4. 
^ 129,7, 129,1, 128.5, 126.8, 119.0, 61.7. 53.5, 49.4, 37.0, 30.7. 24.6. 
24.1. 

30 Mass Spectroscopy: FAB m/e 460 (M+H). 
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Example 29 
Synthesis of 

iV*(4-CyanobeiizaiesulK)nyl)-L-prolyl-L-pheiiyiaIaniiie 

5 The title compound was prepared as in Example 21 (39) except 

4-cyanophenyl-sulfonyl chloride is used in place of 3,5- 
dichlorophenylsulfonyl chloride. 
NMR data was as follows: 

»H NMR (CDCI3); 5 8.40 (bs, IH). 7.95 (d, 2H, J = 8.3 Hz), 8.07 
10 (d. 2H, J » 8.3 Hz). 7.36-7.20 (6H), 4.93. (dt, IH. J « 5.4, 8.0 Hz), 4.22 
(m, IH). 3.38 (m, 2H), 3.13 (m» 2H), 1.92 (m. IH). 1.56 (ra. 2H). 1.40 (m, 
IH). 

NMR(CDC1,): 5 » 175.0, 171.9. 140.8, 136.5. 133.8. 129.9. 
129.2. 129.0. 127.8. 117.8. 117.7, 62.8. 53.7, 50.3. 37.9, 30.9. 24.6. 
15 Mass Spectroscopy: FAB m/e 428 (M+H). 



Example 30 
Synthesis of 
^*(Toluene-4-sulfonyl)-L-proiyl-L-tryptophan 



20 



^-(Toluene*4-suifonyl)-L-proline hydrate was coupled to L*tryptophan 
methyl ester hydrochloride using the procedure described in Method 3. The 
title compound was prepared via hydrolysis of the methyl ester using LiOH 
in THF/water. 

25 NMR data was as follows: 

*H NMR (CDClj): 6 =» 8.45 (d, IH, J =» 2,0 Hz), 7.64 (d. 2H. / « 8,2 
Hz). 7,60 (d, IH, / » 7:6 Hz), 7.45 (d. IH, / » 7.4 Hz), 7,33 (d, IH. / ^ 
8.0 Hz). 7.27 (d, 2H, 7 » 8.0 Hz). 7. 19-7.06 (3H), 4.88 (m, IH), 4.07 (dd. 
IH. / » 2.9, 8.6 Hz), 3.48 (dd, IH. J » 5.4. 14.8 Hz), 3.36 (dd, IH. / = 

30 7.1. 14.8 Hz), 3.03 (m, 2H), 2.40 (s, 3H). 1.88 (m, IH), 1.47 (m, IH). 
1.32 (m, IH). 1.22 (m, IH). 
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•'C NMR (CDQ,): 5 = 174.8. 172.7. 145.0, 136.7. 133.3, 130.6, " 
128.4, 128.3, 124.3, 122.6. 118.9, 112,0, 110.0, 62.8, 54.0, 50.1. 30.5, 
27.5, 24.6, 22. L 

Mass Spectroscopy: FAB m/e 456 (M+H), 

5 

Example 31 
Synthesis of 

iY-<Toluene^sulfonylVL-prolyl>P-<l*naphtliyi)*L-alai^ 

10 M{ToIuene-4.suifonyl)-L-proIine hydrate was coupled to 11-<1- 

naphthyl)a]anine methyl ester hydrochloride using the procedure described in 
Method 3. The title compound was prepared via hydrolysis of the methyl 
ester using LiOH in THF/water. 
NMR dau was as follows: 

15 'H NMR (CDCl,): 6 » 8.16 (d. IH. / - 8.2 Hz). 8.05 (bs. IH). 7.85 

(d. IH, J » 6.9 Hz). 7.77-7.27 (lOH), 4.99 (m, IH), 4.05 (m. IH). 3.90 
(dd. IH. / - 5.0. 14.3 Hz), 3.51 (dd, IH. J = 9.6. 14.3 Hz), 3.11 (m. 
IH). 3.02 (m, IH), 2.41 (s, 3H). 1.74 (m. IH). 1.34 (in, 2H). 1.00 (m, 
IH). 

20 '^C NMR (CDCl,): 6 » 174.9i, 172.5, 143.0, 134.4, 133.4, 133.1, 

132.6. 130.6, 129.4. 128.S, 128.4, 127.2, 126.4, 126.0. 14.0, 62.7, 53.9. 
50.1,34.9.30.3,24.5.22.1. 

Mass Spectroscopy: FAB m/e 467 (M+H). 

25^ ' Example 32 

Synthesis of 

iV<roIueae-4^uIfonyl)-L-prolyl^2-aapiithyi)-L-al^^ 

iV-(Tohiene-4.sulfonyl)-L-proluie hydrate was coupled to p-<2-naphthyl)- 
30 L*alamne methyl ester hydrochloride using the procedure described in 

Method 3. The title compound was prepared via hydrolysis of the methyl 
ester using LiOH in THF/water. 

NMR data was as follows: 
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'H NMR (CDQ,); 6 = 8.20 (bs. IH), 7.80-7.67 (6H). 7.55 (d, IH, /" 
= 7.9 Hz). 7.46-7.27 (5H). 4.99 (m. IH). 4.12 (m. IH). 3.55 (ra. IH). 
3.27 (dd, IH, / = 8.2. 14.1 Hz). 3.17 (m, IH). 3.01 (m. IH). 2.39 (s. 3H). 
1.83 (ra. IH), 1.40-1.26 (3H). 
5 "C NMR (CDCI,): 6 = 174.8, 172.4. 145.0, 134.3. 133.9. 133.4. 

133.0, 130.6, 128.9, 128.8, 128.4, 128.2, 128.1. 127.9, 126.7. 126.3. 
62.7, 53.9, 50.1, 38.2, 30.4, 24.5. 22.1. 

Mass Spectroscopy: FAB m/e 467 (M-f H). 

4 

10 Example 33 

Synthesis of 

iV<roIueiie^suiroayl)«L-prolyi*0*(2-thieflyl)-L*alaiii^ 

A^(Toluene-4-sulfonyl)*L-proline hydrate was coupled to |)*<2-thienyl)- 
15 L-alanine methyl ester hydro^oride using the procedure described in 

Method 3. The title compound was prepared via hydrolysis of the methyl 
ester using UOH in THF/water. 
NMR data was as follows: 

NMR (CDCI,): 6 = 8.42 (bs. IH). 7.73 (d, 2H. 7 » 8.3 Hz). 7.57 
20 (d, IH. / = 7.4 Hz). 7.34 (d. 2H\J » 7.9 Hz). 7.16 (dd. IH. J = 1.2. V I 
Hz). 6.95-6.88 (m. 2H). 4.87 (m, IH). 4.18 (ra. IH) 3.56-3.41 (3H), 3,17 
(m. IH). 2,43 (s. 3H). 2.08 (m, IH). 1.60 (m. 3H). 

^^C NMR (CDClj): 6 - 174.2, 172.6. 145^1. 137.9. 133.4. 130.6. 
128.5. 127.7. 127.6, 125.4. 62.8. 54.0, 50.4, 32.1U 30.7, 24.9. 22.2 
2S Mass Spectroscopy: FAB m/e 423 (M+H). 

Example 34 
Synthesis of 

iV*(IsopropanesulfonyO*L-prolyl-Lrpbenyialanine 

30 

Substioition of (CH3)2CHS02CI for CHsSOiCU and following the 
procedures described in Example I (9). gave the title compound as a clear 
oil. 
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NMR data was as follows: - 
'H NMR (DMSO-di, 300 MHz); 4-8.10 (d. / » 7.9. IH). 7.28-7.16 
(m. 5H). 4.48-4.41 (m, IH). 4.27-4.24 (nu, IH), 3.47-3.23 (m. 3H), 3.11- 
3.00 (ra, 2H). 2.89 (dd. / - 13.9. / - 9.4. IH). 2.11-2.01 (m. IH). 1.82- 
5 l-71(ni, 3H). l.ll(d.7»6.8.6H). 

NMR (DMSO^. 75 MHz): 6 « 172.6. 171.1. 137.4. 129.2. 
128.1. 126.4. 61.2. 53.0. 48.6. 43.6. 36.5. 30.6. 24.0. 20.0. 19.8 
Mass Spectroscopy: (+FAB. 3-nitrobenzyl alcohol) 369iMH+). 

^0 Example 35 

Synthesis of 
iV-<ToIueiie-4-sulfonyl)-L-prolyl-0-<3.pyridyi)-L- 

alanine 

M<Toluene-4.sulfonyl)-L-proline hydrate was coupled to L-P-(3> 
15 PyridyOalaniae methyl ester dihydrochloride using the procedure describe 
in Method 3 to give iV-(tohiene^ulfbnyl)prolyl-L-p-(3-pyridyI)alanine. 
The tide compound was prq»ared via hydrolysis of the methyl ester using 0.5 
N aqueous NaOH in THF/water. 

NMR data was as follows: > 
20 'H NMR (DMSCK): 6 - 8.33 (dd, IH, / » 1.4. 4.7 Hz). 8.27 (d, 

IH. / . 1.9 Hz). 7.75 (d. 2H. / - 8.2,Hz). 7.71 (m. IH). 7.52 (m. IH). 
7.42 (d, 2H. / » 8.5 Hz). 7.19 (dd, IH, / = 4.7. 7.7 Hz). 4.00 (m. 2H). 
3.20-3.00 (4H). 2.40 (s. 3H). 1.72 (m. IH). 1.40 (3H). 

"CNMR (DMS<>4^: 6 - 172.7. 170.0. 150.9. 147.4. 144.1. 137.4. 
25: 134.6. 133.8. 130.3. 128.1, 123.1. 62.4, 55. 1, 49.3. 34.4. 30.5. 24.00, 
21.4. 

Mass Spectroscopy; FAB m/e 440 (M+Na>. 
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Example 36 
Synthesis of 

iV-(ToIuene*4-sulfoDyl)-L-(cu-4-pheayltUo)prolyI*L-phe^ 

rranr-4-hydfoxy-L*proliiie was treated with EtOH and HCl gas, and the 
mixture was evaporated to give rranj-4-hydroxy-L-prolinc ethyl ester 
hydrochloride. This product was treated with TsQ in pyridine, to give after 
aqueous workup //Ktoluenc-4-sulfonyl)-fraw-4-{0-(toluene-4-sulfonyl))-L- 
prolinc ethyl ester. This product was treated with PhSH and DBU in DMF 
to give after aqueous woricup and flash chromatography on silica gel, 
(Toluenc-4-sulfonyl)-ci^-^phcnylthio)-L-proline ethyl ester. This product 
was treated with NaOH in CK^OH and HjO, to give after acidification, 
extraction, drying widx MgSOi. filtration and evaporation, iV-(toluene-4. 
sulfoayl)-a.i-4^heaylthio)-L-proliiie. This produa was treated with 
HCl Pbe-OMe. BOP, and NMM in DMF. to give, after aqueous workup and 
flash chromatography. y-(tohiene^suifonylKii-*-(phcnylthio)-Pro-Phe- 
. OMe. This produa was treated with NaOH in CI^OH and HiO. to give, 
after acidification, extraction, drying with MgSC, filtration and 
evaporation, the title compound, as a clear oil. , 
NMR dau was as follows: 

'H NMR (DMSO-4,, 300 MHz): 5 = 8.19 (d. J = 8.0. IH). 7.71 (d, 
J = 8.3. 2H). 7.41 (d. J - 8.2. 2H). 7.35-7. 14 (m. lOH). 4.53-4.46 (m. 
IH). 4.24 (t. J » 7.8. IH). 3.73 (dd, 7 » 11.6, / = 6.7. IH). 3.36 (bs. 
IH). 3.17-2.86 (m, 4H). 2.39 (s, 3H). 2.34-2.25 (m, IH). 1.57-1.47 (m. 
1H>. 

''CNMR(DMSO-4,.75 MHz): 6 - 172.4. 170.0. 144.0. 137.3. 
. 134.1. 133.9. 130.0. 129.8. 129.4. 129.3. 128.2» 127.5. 126.9. 126.5. 
61.0. 54.9. 53.2. 42.3. 36.7. 36.4. 21.1. 

Mass Spectroscopy: (+FAB. 3-nitrobenzyl alcohol) 525 (MH+). 
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Example 37 
Synthesis of 

iV-aoluene-4-suironyl)-I^(cu-4-beDzylUiio)proiyl-L'phenylalaiiijie 

Substitution of benzylthiol for phenyithiol, and following the methods 
for preparation of Example 36 (131), gave the title compound as a clear oil. 
NMR data was as follows: 

'H NMR (DMS0-<4. 300 MHz): 6-8.18 (d. 7 = 8.1. IH). 7.65 (d. 
J = 8.3. 2H), 7.38 (d. J » 8.2, 2H). 7.29-7.17 (m. lOH). 4.50-4.43 (m. 
IH). 4.05 (t, / = 7.9. IH). 3.74-3.56 (m. 3H), 3.35 (bs, IH^ 3.09-2.94 
(m, 4H), 2.40 (s. 3H). 2.20-2.10 (m. IH), 1.40-1.28 (ra. IH). 

"C NMR(DMSCK. 75 MHz): - 172.4. 170.2. 143.8. 138.5. 
137.3. 134.0, 130.0. 129.4. 128.7. 128.4. 128.2. 127.3. 126.9, 126.5, 
60.9. 55.5, 53.1. 39.3, 36.7, 36.6. 34.9, 21.1. 

Mass Spectroscopy: (+FAB, 3-mtrobenzyl alcohol) 539 (MH+). 

Example 38 
Synthesis of 
iV-Croiiidie-4-suifonylV>L-pralyI-L>liistidIne 

iV-(ToIueae-4-suIfonyl)prolyr-L-(AM)enzyl)histidine (237 mg, 0.464 » 
mmol) was dissolved in MeOH (20 mL) and 10% Pd/C (50 mg) was added. 
The mixnire was hydrogenated at 50 psi for 36 hr. The mixnire was 
filtered to remove the catalyst and the filtrate was evaporated in vacuo. The 
residue was purified by preparative TLC (90: 10: 1 CHiCI,/MeOH/NH«OH) 
to give Amohienc-4-sulfonyl)-L-prolyl-L-histidine mediyl ester (155 mg, 
79%). The title compound was prepared via hydrolysis of the methyl ester 
usin»0.5 N NaOH in THF/water (128 mg. 81%). 

NMR data was as follows: 
- 'H NMR (DMS<W«): 6 « 7.77 (d, 3H. J = 6.5 Hz). 7.42 (m.3H), 
4.03 (m. IH). 3.99 (ra. IH), 3.22 (m. IH), 3.05 (m 2H), 2.95 (m. IH). 
2.41 (s. 3H), 1.80 (m, IH). 1.45 (3H). 
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^ NMR (DMSOHg: 6 =» 174.0, 169.8, 144.1, 133.8, 10.3, 128.0, 

62.4. 49.4, 40.0, 30.6, 24.0, 21.4. 

Mass Spectroscopy: FAB m/e 429 (Mn-Na). 

Example 39 
Synthesis of 

A^*(Tolueiie-4-sulfonyi)*M^i^*4-amino)prolyl-L-phenylalam 

rran5-4-hydroxy-L-proline was treated with EtOH and HCl gas, and the 
mixture was evaporated to give /ronj^hydroxy-L-proiine etjiyl ester 
hydrochloride. This product was treated with TsCI in pyridine to give, after 
aqueous woricup. A^(toluene-4-suifonyiH'^fZ't^-4«(TsO)-L-proline ethyl ester. 
This product was treated with NaN, in DMF and H^O to give, after aqueous 
woricup and flash chromatography, M(toIuene-4-sulfbayl)</f-4-azidoL- 
proline ethyl ester. This produa was treated with NaOH in CI^OH aiHl 
H2O to give, after acidification, extraction* drying with MgSG^, nitration 
and evaporation, M(tohiene-4*sulfonyl)-c^-^^uio-L-proline. This product 
was treated with 10% Pd on C in THF, AcOH and 1^0, and the mixture 
was shaken under SO psi Hj. The mixture was filtered through Celite and 
evaporated to give Ar.(toluene-4-sulfonyl)-c^-4-amino-L-proline. This 
product was treated with BoCzO and EtjN in r-BuOH and H3O to give, after 
evaporation, acidification, extraction, drying with MgS04, filtration, and 
evaporation, A^(toluene-4-sulfonyl)<«-4^f-butoxycarbonylaniino)-L-prolinc. 
This product was treated with HCtPhe*0-r-Bu, BOP, and NMM in DMF to 
give, after aqueous woricup and flash chromatogr^hy, ^*<toiuene-4- 
sulftmylK^s-4-(^butoxycarbonylamino)-Pr(>*Phe^^Bu. This product was 
treated with TFA to give after evaporation the trifhioroacetate salt of the title 
compound as a clear oil. 

NMR daa was as follows: 

'H NMR (CDjOD, 300 MHz): 5 = 7.47 (d. / » 8.3. 2H). 7.22-7.00 
(m. 7H), 4.47 (dd, / = 7.9. J = 5.3. IH). 4.18 (dd, / - 9.8. J » 1.7, IH). 
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3.64 (t. / - 5.2, IH), 3.43 (d, J = 11.2, IH), 3.22 (dd, / » 11.3, / » 5^), 
IH), 3.01 (dd. / = 14.1. / = 5.3, IH). 2.88 (dd. J = 14.0, / » 7.9. IH), 
2.23 (s, 3H), 2.21-2.08 (m, IH). 1.87-1.80 (m. IH). 

"C NMR (CDjOD. 75 MHz): 6 = 174.7, 173.9. 146.1. 138.0. 134.7. 
5 131.1. 130.5. 129.6, 128.7, 128.0. 60.7. 55.6. 53.9. 51.5. 38.2. 35.3. 
21.5. 

Mass Spectroscopy: (+FAB. S-nitrobenzyl alcohol) 432 (MH+). 

Example 40 

10 Synthesis of 

iV<rolueiie-4>suJfonyl)*M(>w<4-animo)prolyl-L-pbenylalaiime 

Substiutioo of e«-4-hydroxy-L-proUne for r/aw-4.hydroxy-L-proline, 
and following the methods for preparation of Example 39 (136). gave the 
15 trifhioroacetate salt of the tidii compound as a clear oil. 
NMR data was as follows: 

•H NMR (CD,OD. 300 MHi): 6 - 7.39 (d. / - 8.4, 2H). 7.13-7.01 
(ra, 7H). 4.40^.33 (m. IH). 4.28 (dd. / = 9.0, J - 2.2, IH), 3.59-3.50 
(m. 2H), 3.07-2.97 (m. 2H). 2.81 (dd, J » 14.0, / - 8.9, IH), 2.21 (s. 
20 3H), 1.24-2.06 (m, IH), 1.80-1.68 (m. IH). 

'^CNMR (CDjOD, 75 MHz): 6 - 174.1. 172.6. 145.9, 138.3, 135.0. 
131.0, 130.5, 129.6, 128.9, 128.0. 61.1, 55.2, 52.0. 49.7, 38.2, 35.4, 
21.5. 

Mass Spectroscopy: (+FAB, 3-nitrobenzyl alcohol) 432 (MH+). 

25 

Example 41 
Synthesis of 

AKroliiene-4-sulfonyl)-L-prolyi-L-phenylaIanlne Benzyl Ester 

30 ^'-(Tohlene-4-sulfonyl)-L•proliltt was coupled to L-phenylalanine benzyl 

ester toluenesulfonic acid salt using the procedure described in Method 3 to 
give the title compouml as an oil. 
NMR dau was as follows: 
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'H NMR (CDCl,): 6 » 7.68 (d. 2H. J = 8.2 Hz). 7.39-7. 17 (lOH). 
7.05 (m. IK), 5.22 (d. 2H. J = 12.2 Hz). 5.14 (d, IH. J = 12.2 Hz). 4.88 
(m. IH). 4.08 (ra, IH). 3.28 (in, 3H), 3.08 (m. 2H). 2.39 (s. 3H). 2.00 (m. 
IH). 1.46(in.3H). 

5 '^C NMR (CDCIj): 5 » 171.4. 171.3. 144.9. 136.5, 135.8, 133.6. 

130.6, 129.9. 129.1. 129.1, 129.0, 129.0, 128.4, 127.6, 67.8. 62.8, 54.0. 
50.2. 38.4, 30.4, 24.8, 22.2. 

Mass Spectroscopy: FAB m/e 507 (M+H). 

4 

10 Example 42 

Synthesis of 

Ar.(Toluene^ulfonyi)-L-prolyi-L-plienylaIaiiiiie iV>Methoxyainide 

iV-(Toluene-4-sulfonyl)-L-prolyl-L-phenyIalanise was coupled to 
15 O-methylhydroxyiamine hydrochloride using the mixed anhydride procedure 
(as described in Greenstein. J.P. and Milton Wenitz. "Chemistry of the 
Amino Acids," volume 2, pp. 978-979. Robert E. Krieger Publishing Co.. 
Malabar, FL. (1961)) to give the title compound as an oil. 
NMR data was as follows: 
20 'H NMR (CDCI,): A - 9.66 ($. IH). 7.70 (d. 2H. J = 8.2 Hz), 7.36 

(d. 2H. J - 8.0 Hz), 7.33-7.21 (5H), 6.90 (d. IH. J » 9.5 Hz). 4.88 (m, 
IH). 3.81 (m, IH), 3.75 (s, 3H). 3.46 (m. 2H), 3.07 (m, 2H), 2.45 (s, 3H), 
1.60 (m.2H), 1.47 (m,2H). 

"C NMR(CDCl,): 6 » 171.7, 168.1. 145.6, 137.0, 131.8. 130.7. 
25 129.7. 129.3, 128.5. 127.7. 64,9. 62.7. 52.6. 50.6. 37.6. 31.4. 24.7. 22.2. 
Mass Spectroscopy: FAB m/e 446 (M-t-H). 
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Example 43 
Synthesis of 

iV*(Toluene^ulfony])-L*proiyl-L-plienylalanm iV-Benzyloxyamide 

5 /V-(Tohicne-4-sulfonyl)-L-prolyI-L-phcnylalaniiie was coupled to 

O-bcnzylhydroxylamine using the procedure described in Method 3 to give 
the title compound as a white solid, irp » 127-130**C. 
NMR data was as follows: 

NMR (CDCl,): 6 » 9.54 (s, IH), 7.61 (d, 2H, J ^ 8.2 Hz), 7.43- 
10 7.19 (12H). 6.86 (d, IH. J - 9.3 Hz), 4.91 (m, 2H), 4.82 (i^ IH). 3.72 
(m. IH), 3.42 (m, 2H). 3.07 (m. 2H), 2,45 (s, 3H), 1.64 (m, 2H). 1.44 (m, 
IH). 1.26(nu IH). 

•'C NMR (CDClj): 6 » 171.6. 168.2, 145.5, 136.9, 135.7. 132.0. 
130.7. 129.9. 129.7, 129.0. 128.9. 128.5. 127.7, 78.8. 62.7. 52.7. 50:6, 
15 37.6, 31.2*24.7. 22.2. 

Mass Spectroscopy: FAB m/e 522 (M+H). 

Example 44 
Synthesis of 

20 iV-(ToIiiene-4-$uifonyl)*L-prolyl- 

L*phenylalanine iV-(Toluene-4-suiroi^)amide 

iV-(Tohieac-4-sulfonyl)-L-proline was reacted with L-phcnylalanine 
amide using the procedure described in Method 12 to yield ^«<toiuene«4- 

25 sulfonylVL-proIyl-L-phenylalanine amide. To a solution of NaH (60% 

mineral oil- prewashed with THF) in THF at OX was added iV-(tolucnc-4- 
sulfonyl)-L-prolyl*L-phenylalanine amide and the reaction was stirred at O'C 
for 45 minutes. ToIuene-4-sulfonyl chloride was added and the reaction was 
stirred for 16 houn at room lempcramre. The reaction mixture was extracted 

30 with EtOAc (3 X 50 mL) and 0.2 N HQ (50 mL). and the combined organic 
layers were washed successively widi sat. NaHCO} (50 mL), and sat. NaCl 
(2 X 50 mL), dried over MgS04. filtered, and concentrated to yield the title 
compound as an oil. 
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NMR data was as follows: 

'H NMR (CDCl,, 300 MHz): 6 = 7.97 (d. 2H. 8.52 Hz): 7.72 (d. 2H. 
8.52 Hz): 7.37 - 7.04 (m, 10 H); 4.80 (m. IH); 3.86 (m. IH); 3.42 (m. 
IH): 3.29 (m. IH); 3.01 (m. 2H); 2.45 (bs. 6H): 1.65 (m 2H); 1.45 & 1.31 
5 (m. 2H). 

"C NMR (CDCl,. 300 MHz): 6 = 172.46. 169.93, 145.47. 136.43. 
132.06. 130.70. 130.07. 129.58. 129.32. 129.17. 128.61, 127.74. 62.68. 
54.52, 50.57. 36.91. 31.10, 24.69. 22.30, 22.23. 

Mass Spectroscopy: (H-FAB) 570 (M+H). 

10 

Prqjarative Example A 
Synthesis of 

Y*<ToIuene-4-suiroayl)-L«prolyl-0,L-phenyalanyl-p«alaiiine Ethyl Ester 

15 To AHtoluene-4.sulfonyI)-L-prolyl-L-phenylalanine ( - 2 eq,) in DMF 

was added BOP (-2.1 eq.) and NMM (-4 eq.), and the reaction was 
stirred at room temperature for about 45 minutes, p-alanine ethyl ester ( - 2 
eq.) was added and the reaction stirred for about 16 hours at room 
teoaperanire. The reaction mixmre was extracted with water and diethyl ^ 

20 ether. The combined organic solution was then washed with 0.2 N HCU sat. 
NaHCOs and sat NaCI solutions. The organic layer was dried over 
anhydrous magnesium sulfate, filtered and concentrated. The residue was 
purified by silica gel chromatography (50% EtOAc/Hexane, Rf = 0.13) to 
yield the title compotmd as a colorless oil, which was determined to be a 

25 mixture of diastereomers by NMR. 
NMR data was as follows: 

NMR (CDC!,, 300 MHz): 5 = 7.68 (m. 2H); 7.25 (m, 9H); 4.07 
(ra, 3H); 3.45 (m, 4H); 3.06 (m, 3H): 2.50 & 2.34 (m, 3H). 2,41 (s. 3H), 
1.62 (m. 4H); 1.20 (t, 3H, J » 5.55 Hz). 

30 ^^C NMR (CDCl,, 300 MHz): 5 =» 177.62, 172.72, 171.98, 171.73, 

171. 25, 170.80, 145.39, 145.02, 137.52, 137.20, 133.28, 132.09, 133.28, 
132.09, 130.66, 130.57, 130.02, 129.59, 129.18, 128.49, 128.44, 127.49, 
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127.46. 63.06, 62.75. 61.18. 61.12, 55.49, 54.17. 50.62, 50.36, 38.27, 
37.92, 35.98. 35.32. 34.47, 34.30, 31.27.. 30.95, 24.92, 24.62. 22.18, 
14.72. 

Mass Spectroscopy; (+FAB) 516 (M+H). 

5 

Exainple45 
Synthesis of 

iV-(Toluene-4-sulfoayi)-L-prolyi.D,L-phciiylalanyl-^alaiiiiie 
10 The title compound was prepared from Preparative Example A (161) 

using the procedure described for Example 19 (57), yielding a translucent 
solid, which was determined to be a mixnue of diastereomers by NMR, mp 
»91-95-C. 

NMR data was as follows: 
15 'H NMR (CDCI,, 300 MHr): 4 - 7.70 & 7.27 (m, 9H); 4.83 (m. 0.5 

H); 4.05 (m. 0.5 H); 3.47 (m. 4H): 3.06 (ra, 3H); 2.55 (m. 2H); 2.43 (s. 
3H);1.62 (m, 4H). 

"C NMR (CDCI,, 300 MHz): 5 - 175.85, 175.68, 172.45, 172.23., 
171.67. 171.43, 145.32, 144.96; 137.37, 136.91, 133.42, 132.37, 130.67, 
20 130.56. 130.52, 130.03, 129.65. 129.15, 129.12, 128.51. 128.48, 127.52, 
63.01, 62.72, 55.25, 54.34. 50.52. 50.43. 50.39, 38.81..38.07, 35.82. 
35.79, 35.25. 35.23, 34.17. 34.10. 34.08. 31.23. 24.91. 24.61, 22.18. 
Mass Spectroscopy: (-kFAB) 488 (M-fH). 

25 Example 46 

Synthesis of 

AMTohiaie4>saironyl>-I^protyl>L*phenylalaiunc iV-Hydroxyaiiiid« 

iV-{Tohieae-4-sulfonyl)-L-prolyl-L-phenylalanine //-benzyloxyamide (see 
30 Example 43 (159)) was dissolved in MeOH (10 mL) and 5 % Pd/BaSO^ (52 
mg) was added. The mixmre was hydrogenated at 50 psi for 9 h. The 
mixnire was filtered through a pad of diacomaceous earth and evaporated in 
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vacuo to give a residue which was purified by silica gel chromacograpby 
(92:8 CHjGx/MeOH) to give the title compound as an oil. 
NMR data was as follows: 

»H NMR (CDCI,): 6 = 9.83 (br s. IH). 7.73 (d, 2H, J » 7.2 Hz), 7.36 
5 (d, 2H, J « 7.0 Hz). 7.28-7.20 (5H), 7.07 (m, IH), 4.96 (m, IH), 3.87 (m, 
IH), 3.47 (in, 2H). 3.07 (m, 2H), 2.45 (s, 3H), 1.90 (br s, IH). 1.63 (m, 
2H). 1.46 (m, IH), 1.36 (m, IH). 

''C NMR (CDCI3): 6 = 171.8, 168.4, 145.5. 136.9. 132.0, 130.7, 
129.7, 129.2, 128.6, 127.6. 62.7. 52.2, 50.6, 38.0. 31.2, 24.6, 22.2. 
10 Mass Spectroscopy: FAB m/e 432 (M+H). 

Example 47 v 
Synthestoof 

iV*(Toluene-4-suifoayl)-jL-prolyl-L-phenylalaiiine Isopropyl Ester 

15 

iV-(Toluene-4-sulfoayl)-L-proline hydrate was coupled to phenylalanine 
isopropyl ester trifhioroacecate using the procedure described in Method 3 to 
give the title compound as an oiK 
NMR data was as follows: 
20 'H NMR (CDCI,): 6 » 7.68 (d, 2H. J = 8.2 Hz), 7.33-7. 12 (8H). 5.05 

(p, IH, I - 6.3 Hz), 4.77 (m, IH), 4.06 (m, IH). 3.33 (in, IH), 3.22 (dd. 
IH, J = 5.8, 14.0 Hz), 3.06 (m, 2H), 2.40 ($, 3H), 1.99 (m, IH), 1.46 
(3H), 1.23 (d, 6H. J " 6.3 Hz). 

"C NMR (CDCI,): 5 = 171.3. 170.9. 144.9. 136.7. 133.5, 130.5. 
25 129.9, 129.0, 128.4. 127.5. 70.0, 62.9, 54.0, 50.2, 38.5, 30.4. 24.7. 22.3. 
22.2, 22.1. 

Mass Speccroscopy: FAB m/e 459 (M+H) 
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Example 48 " 
Synthesis of 

Ar-(TdIiiefle^uironyIVMcir-^hydroxy)-prolyl-L-phenylaiaiiine 

5 Substimtion of ctr-4.hydroxy-L-proline for D-Pro-OH, and following 

the methods described in Example 6 (17). gave the title compound as a clear 
oU. 

NMR data was as follows: 

'H NMR (DMSO^, 300 MHz): 4 - 8. 14 (d. J-7.9. iti), 7.70 (d. 
10 J=8.2, 2H). 7.41 (d, J=8.2. 2H). 7.28-7.15 (m. 5H). 5.30 (b$. IH). 4.52- 
2.45 (m, IH). 4.15 (dd, J-9.0. J-4.1. IH). 3.85 (bs. IH). 3.31 (bs. IH). 
3.24 (dd, J- 10.6, J=4.9. IH), 3.17 (dd. J=10.9. J-3.4, IH). 3.01-2.94 
(m, 2H). 2.40 (s, 3H). 1.92-1.82 (m. IH), 1.79-1.69 (ra, IH). 

"C NMR (DMSCK. 75 MHz): 6 » 172.2, 171.2, 143.8. 136.9. 
15 133.4, 129.9. 129.5. 128.1. 127.5. 126.5. 68.6, 60.3, 56.4, 53.4, 38.0, 
37.0, 21.0. 

Mass Spectroscopy: (+FAB, 3-nitrobenzyl alcobol) 433 (MH+). 

Example 49 

20 Synthesis of 

AKrolueiie-4-sulfooyi)-L-tfrafu-4>fluoro)- 
prolyt>L>plienyiaianine Benzyl Ester 

Substimtion of m-4-hydroxy-L-proline for mw-4-hydroxy-L-proline, 
25 and following the methods for preparation of Example 50 (177), gave the 
title compound as a clear oil. 
NMR data was as follows: 

'H NMR (CDCI,. 300 MHz): 6 - 7.70 (d, J-8.3. 2H). 7.41-7.20 (m. 
lOH), 7.10-7.07 (m, 2H), 5.24 (dd, J- 12.1, IH), 5.16 (dd, J- 12.2, IH). 
30 4.93-4.87 (m. IH), 4.88 (bd, J=»S2.4, IH), 4.15-4.09 (m. IH), 3.80 (ddd, 
J=l.6.J-20.7.J-12.5, IH). 3.37(ddd,J»3.1,J-13.9. J=36.8. IH). 
3.28 (dd. J=13.9, J«5.8. IH). 3.06 (dd, J- 13.9. J=7.2, IH). 2.43 (s, 
3H), 2.32-2.18 (m. IH). 2.11-1.91 (m, IH). 
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^ NMR (CDCl,, 75 MHz): h = 170.7, 170.0, 144.4, 135.8, 135.1," 
129.7, 129.4, 128.58, 128.56, 128.4, 128.1, 127.0, 91.2 (d, 1=181.0 Hz), 
67.3, 60.8, 55.6 (d, J=23.0 Hz), 53.2. 37.9, 37.0 (d, J«22.0 Hz), 21.6. 
Mass Spectroscopy: (+FAB, 3-aitrobcnzyl alcohol) 525 (MH+). 

5 

Example 50 
Synthesis of 
A^(ToIuene-4*sulfoiiyl)-L-(cif-4-fluoro)« 
prolyi-L-phenylalanine Benzyl Ester 

10 

rrani-4-hydroxy-L-proiine was created with EtOH and HCl gas, and the 
mixmre was evaporated to give rranj-4-hydroxy-L*proline ethyl ester 
hydrochloride. This product was created with TsCl and E^N in CHjCI,, to 
give after aqueous woricup ^-(toluene-4*sulfonyl)-rranx-4-hydroxy-L-proiine'' 

15 ethyl ester This product was prated with morpholinosuifUr trifluoride in 
CH2CI2, to give after aqueous workup iV-(tolucne-4-suIfonyl><tf-4-fluoro-L- 
proline ethyl ester. This product was treated with NaOH in CI^OH and 
H^O to give, after acidification, extraction, drying with MgSO^, filtration 
and evaporation, iV-<toluene-4-suIfonyl>-cu-4-fhioro-L-proline. This product 

20 was treated with HCI • Phe-OBn, BOP, and NMM in DMF, to give after ' 
aqueous workup and flash chromatography the title compound as a clear oil. 
NMR data was as follows: 

^H NMR (CDCl,. 300 MHz): 6 = 7.69 (d, J=»8.3, 2H), 7.41 (d, 
J«7.8. 1H)» 7.38-7.27 (m, 7H), 7.21-7.17 (m, 3H), 7.07-7.04 (m, 2H), 
25 5.19 (d,J= 12.1, IH), 5.12 (d,J=- 12.1, IH), 5.05 (dt. Jd«52.7, Jt=3.4, 
IH), 4.89 (dt, Jd»7.9, Jt=6.0, IH), 4.27 (d, J»9.9, IH). 3.68 (ddd, 
J=l.6, J=12.6, J-21.1, IH), 3.37 (ddd, J-3.7. J=»12.4, J«35.7, IH) 
*3.13 (dd. J-5.9, J=13.8, IH), 3.08 (dd, J=6.1, J=13.8, IH), 2.62 (t, 
J=:15.9, IH), 2.43 (s, 3H), 1.82-1.59 (m, IH). 
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"C NMR (CDCl,. 75 MHz): ft = 170.5, 169.9. 144.8. 135.5. 135.1.' 
132.4. 130.1. 129.41. 129.39. 128.6, 128.5, 128.4. 127.9. 126.9. 91.7 (d. 
J=179.4 Hz), 67.1, 55.6 (d, J=23.8 Hz), 36.3 (d. J=21.5 Hz). 21.6. 

Mass Spectroscopy: (+FAB. 3-niirobenzyl alcohol) 525 (MH+). 



Example 51 
Synthesis of 

/V-(Tolueiie^uifoiiyl)-L-thiaprolyl-L-phenylalaniiie Benzyl Esto* 



10 



The title compound was prepared following the procedure outlined for 
the preparation of Example 3 (11). 
NMR data was as follows: 

'H NMR (CDQ,. 300 MHz): 5 - 2.45 (s, 3H). 3.05-3.35 (m. 2H). 
4.03 (d. IH. I - 10.3 Hz). 4.55 (d. iH, J » 10.3 Hz), 4.60 (m. IH). 4.86 
15 (m. IH). 5.20 (dd, 2H, J= 12.1 and 13.6 Hz). 7.03 (m, IH). 7. 14-7.40 (m. 
12H). 7.70 (d, 2H, J = 8,2 Hz). 

"C NMR(CDCI,.75 MHz): 5 - 22.3. 33.5, 38.1. 52.0. 54.2. 65.8. 
68.0. 127.8. 128.5. 129.1. 129.2, 129.9. 130.7, 134.0. 135.6. 136.0. , 
145.6. 168.7. 171.1. 
20 Mass Spectroscopy: (FAB +) 525 (M H-H). 

Example 52 
Synthesis of 

AMToIiieiie-4-salfoayO-M5,5Hiinietliyi)tliiaproiyl- 
25 L-pbcnylalanlne Boizyi Ester 

The title compound was prepared following the procedure described for 
the preparatioa of Example 3 (11). 

NMR data was as follows: 
30 'H NMR (CDQ,, 300 MHz): - 1. 10 (s. 6H), 2.44 (s. 3H). 3.08-3. 14 

(m. 2H), 3.85 (s. IH), 4.39 (d, IH. J - 9.7 Hz), 4.52 (d, IH. J - 9.7 Hz). 
4.94 (m, IH). 5.17 (m, 2H). 7.01 (d. IH. J = 2.5 Hz). 7.10-7.40 (m. 12H). 
7.74 (d, 2H. J = 8.3 Hz). 
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^ ''C NMR (CDCl,, 75 MHz): 6 « 22.3, 24.5, 29.8, 38,9, 51.2, 53.9, ^ 
55.2. 67.9, 74.1, 127.6, 128.7. 129.0, 129.1. 129.2, 129J, 130.0, 130,5, 
133.3,135.7,136.4,145.3,169.0,171.3- 
Mass Spectroscopy: (FAB-h) 553 (M+H). 

5 

Example 53 
Syntliesis of 

iV*(2-NfethoxycarbonylbenzenesulfonyI)*L-prolyl« 
L-phenylalanine Benzyl Ester 

10 

To L-prolyl-L-phcnylalaninc benzyl ester (4.64 mmoles) ia THF (15 
mL) was added thethylamine (4.70 mmoles) and the reaction proceeded for 
30 minutes at room temperamre. The reaction mixture was chilled to CC 
and methyl 2-(chlorosuifony 1) benzoace (4.64 mmoles) was added and the ' ' 

15 reaction proceeded for 4 hours at room temperature. The reaction was 
extracted with EtOAc (3 x 50 mL) and water (50 mL)* and the combined 
organic layers were successively washed with sac. NaHCO^ (50 mL) and sat 
NaCl (2 x 50 mL), dried over MgSO^* filtered and roto-evaporated to yield a 
colorless oil (2.30 g, 90%). The crude product was purified by silica gel 

20 chromatography (50% EtOAc/Hexane, Rf » 0.47) to yield a colorless oil 
(1.49 g. 58%). 

NMR data was as follows: 

'H NMR (CDCIj. 300 MHz): 5 « 7.88 (d, IH, J = 7,29 Hz); 7.48 & 
7.16 (m. 14H); 5.04 (m, 2H); 4.75 (m, IH); 4.37 (d, IH,6.92 Hz); 3.86 (s. 
25 3H); 3.40 & 3.28 (m. 2H); 3.06 (m, 2H); 1.75, 1.61. & 1.32 (m, 4H). 

NMR (CDCl,. 300 MHz): 5 « 171.61, 171.32, 171.23. 169.03, 
136.75. 135.89. 135. 51, 133.89, 133.62. 131.14. 130.34, 129.77, 129.38. 
* 129.09. 129.00. 128.96. 128.88, 128.79, 127.48. 62.13, 60.90. 53.97. 
49.48.38.10.31.07.24.48,21.56. 
30 Mass Spectroscopy: (+FAB) 551 (M+H). 
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Example 54 
Synthesis of 

iV-(3,5-DichIorobeiuenesulfonyl)*L-prolyl*L-pIi»ylalanine 

L-Proline methyl ester hydrochloride (2.68 g, 16.2 mmol) was dissolved 
in pyridine (20 mL), 3,5-dichIorophenylsulfonyl chloride (3.57 g, 14.6 
mmol) was added and the mixture was stirred for 19 hr. Water (5 mL) was 
added and the mixture was stirred for 45 min before diluting with water (200 
mL). The mixmre was extracted with E^O (2 X 150 mL) and" the combined 
extracts were washed with water (3 X 100 mL). IN HQ (150 mL) and 
sanirated aq NaHCO, (150 mL), then dried (MgSO*). filtered and evaporated 
in vacuo to give 3,5-dichlorophenyl-sulfonyl-L-proline methyl ester as an oU 
(4.34 g, 88%). 

The methyl ester was dissolved in MeOH (20 mL) and IN NaOH (20 
mL) was added. The mixture was gently warmed until homogeneous and 
then sdrred for 1 .5 hr. The solvent was removed in vacuo and the residue 
taken up in water (50 mL). The aqueous solution was washed with E^O (30 
mL) and dien made acidic with 12 N HCI. The mixmre was extracted with 
CHQj (2 X 40 mL) and the combined extracts were dried (MgSCV). filtered 
and evaporated in vacuo to give iV-(3,5-dichlorophenylsulfonyl)-L-proline as 
a solid (3.37 g, 83%). 

3,5-Oichloropbenyl-sulfonyl-L-proline was coupled to L-phenylalanine 
ethyl ester using the procedure described in Method 3 to give the ethyl ester 
of die title compound (348 mg, 45%). 

The title compound was prepared via hydrolysis of die ediyl ester using 
*NaOH in MeOH. NMR analysis indicated that diastereomers were presenL 

NMR data was as follows: 

*H NMR (CDCI,): 6-8.11 (br s. IH), 7.72 (d. 2H, J » 1.9 Hz), 7.61 
(q. IH, J » 2.0 Hz), 7.39-7.20 (6H). 4.92 (m, IH). 4.15 (ra, IH). 3.52- 
3.09 {4H). 2.11 (m, IH). 1.95-1.49 (3H). 
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^ '^C NMR (CDCI3): 6 175A 175.2, 171.8, 171.7, 139.5, 139.3, 
137.0, 136.6. 135.8, 134.0, 134.0. 129.9, 129.5, 127.7, 126.7, 111.4, 
63.U 62.9, 53.8, 53.6, 50.5, 50.3, 45.1. 37.9, 31.3, 30.8, 24.8. 24.6. 
Mass Spectroscopy: FAB m/e 471 (M+H). 

5 

Example 55 . 
Synthesis of 
^-(Toluene^suifonylVL-prolyi* 
L-phenylalanine A^-Hydroxysuccinimide ester 

10 

Equimotar amounts of Cbz-L-phenyiaianine, Mhydroxysuccinimide and 
DCC in CHjCli were stirred for 3 hr at room temperanire. Hexane was 
added and the reaction mixnire filtered through a bed of Celite. The filtrate 
was extracted with 10% citric acid, water and samrated NaCl. dried over 
15 MgSOi, filtered and concentrated to yield the title compound as a solid, mp 
^ 186-188^C. 

NMR data was as follows: 

NMR (CDC!,. 300 MHz): 5 = 7.66 (nu 3H); 7.28 (ra. 6H); 4.64 
(ra, IH); 4.01 (m, IH); 3.36 (m, IH); 2.89 (m, 6H); 2.42 (s, 3H); 1.90 & 
20 1.68 (m, 3H); 1.33 & 1.15 (m, 4H), 

"G NMR (CDCI5, 300 MHz): 6 » 173.07, 171.83. 166.89. 144.86, 
137.90, 133.35, 130.51, 130.44, 129.06, 128.33, 127.36. 63.21, 50.12, 
47.74, 45.09, 38.30, 36.53, 34.30, 30.67, 25.454, 24.35, 22.15. 
Mass Spectroscopy: (+FAB) 528 (M+H). 

25 

Example 56 
Synthesis of 

iV-(Thiophene-2-stilfonyl)-L-prolyUL-phenylalaiune Methyl Ester 

30 The title compound was prepared via Method 14 and isolated the as an 

oil. 

NMR data was as follows: 
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'H NMR (CDCI,. 300 MHz): 6 = 7.63 (m. IH); 7.32 - 7.10 (br m. 
7H); 4.83 (m. IH): 4.09 (m. IH); 3.77 (s. 3H); 3.40 (m. IH); 3.38 (m. 
IH): 3.17 (m. IH): 3.05 (m. IH); 2.05 (m; IH); 1.62 - 1.40 (br m, 3H). 

"C NMR (CDCl,. 75 MHz): 6 » 171.9. 170.9. 136.6. 136.2. 133.9. 
133.4. 129.8. 129.1. 128.3. 127.7. 63.2. 53.9. 53.1. 38.4. 30.1, 24.8. 

Mass Spectroscopy; (PI-FAB) 423. (M+H)*. 

Example 57 
Synthesis of 

y-(Thioplieiie-2-sulfonyi)-L-prolyl-L-plienylalaiiine 

The title compound was prepared from Example 56 (285) via Method 6 
and the product was isolated as a solid. 
NMR dau was as follows: 

'H NMR (DMSOd,. 300 Uhi): 6» 8.14 (d. IH, J - 8.0 Hz); 8.02 
(d. IH, J - 5.0 Hz); 7.70 (d, IH, J « 4.0 Hz); 7.25 (m, 6H): 4.51 (m, 
IH); 4.05 (m, IH); 3.40 (m, IH); 3.40 (m. IH); 3.20 - 2.90 (br m. 3H); 
1.65 - 1.32 (brm.4H). 

"C NMR (DMSCK, 75 MHz): d - 172.9; 170.9. 137.8. 136.4. 
134.1. 133.4, 129.7. 128.6. 128.5, 126.8. 62.1, 53.5, 49.7, 36.8, 30.7. 
24.1. 

Mass Spectroscopy: (PI-FAB) 409, (M+H)*. 

Example 58 
Synthesis of 
iV-(l,3-Dfanethyl-5<Moropyrazole-4-sulfonyi)- 
L-proiyl*L>phenylalanine 

The title compound was prepared using Medrad 14 and Method 7. sad 
the produa was isolated as a white solid. 
NMR data was as follows: 
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^ *H NMR (CD5OD. 300 MHz): 6 =1 7.00 - 6.93 (br m, 5H); 4.21 (m, 
IH); 3.96 (m, IH): 3.59 (s, 3H); 3.16 - 3.03 (br m. 3H); 2.88 (m, IH); 
2.14 (s. 3H); 1.68 (m, 2H); 1.56-1.29 (br m. 2H). 

»^CNMR(CD30D.75MHz): 5 = 177.9, 173.6, 150.9, 139.7. 131.8, 
5 131.4, 129.9. 127.9. 115.3. 63.7, 57.6, 50.7. 39.4, 37.7, 32.6. 25.8. 14.9, 
Mass Spectroscopy: (PI-FAB) 477, (M+H)*. 

Example 59 

Synthesis of 4 
10 ^-(I -Pheny lethanesulfoayO-I^prolyl-L-phenyialaiiiiie 

PhCHiCH^SH was treated with CI, in a rapidly stirred mixture of CHCl, 
and H2O, and then the CHCI3 layer was washed with 5% NaHSO, and sat. 
NaCl, dried with MgSO^ filtered, and concentrated to give 
15 PhCH^CHiSOjCl. This produa was treated with Pro-OtBu and E^N in 
CHjClj to give, after aqueous workup, PhCHiCHiSOi-Pro-OtBu. This 
product was treated with HCOzH, and the mixture was evaporated to give 
PhCHjCHiSOrPro-OH. This product was treated with HCI • Phe-OtBu, 

EDAC, HOBT. and Et^N in CH^Qj to give, after aqueous worlcup and flash 

•t 

20 chromatography. PhCHiCHiSOj-Pro-Phe-OtBu. This product was treated 

with HCOiH. and the mixture was evaporated to give the title compound as a 
clear oil. 

NMR data was as follows: 

'H NMR (DMSOdi. 300 MHz): 6 - 8.06 (d, J-8.1, IH). 7.32-7.14 
25 (m. lOH). 4.32-4.24 (m. IH), 4.26 (dd, J-7.0, J«2.6. IH), 3.40-3.31 (m. 
3H)i 3.29-3.23 (m. 2H), 3.08 (dd. J- 13.8, J-4.8, IH). 2.97-2.90 (m, 3H). 
2.05-1.99 (m, IH), 1.77-1.65 (m. 3H). 

"C NMR (DMS0h4, 75 MHz): 5 - 172.7, 171.4, 138.5. 137.4, 
129.2, 128.6. 128.5. 128.1. 126.5. 126.4, 60.8. 53.1, 50.0. 48.6, 36.6. 
30 30.9. 28.6. 24.2. 

Mass Spectroscopy: (+FAB, 3-nitrobenzyl alcohol) 431 (MH-t-). 
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Example 60 
Synthesis of 

iV-(l*Methylinddazole-4-suironylVL*prdyi-L*pheayialaiiiM Methyl Ester 

5 The title compound was prepared using Method 14 and was isolated as 

an oil. 

NMR data was as follows: 

NMR (CDQ,, 300 MHz): 5 = 7,55 - 7.40 (br m, 3H); 7.31 - 7. 10 
(br ra, 5 H); 4.80 (m, IH); 4J1 (m. IH); 3.70 (s;3H); 3.49". 3.18 (br m, 
10 3H); 3,05 (m, 1 H); 2.05 (ra, IH); 1.74 (m, 2 H); 1.41 (m, IH). 

NMR (CDClj. 75 MHz): 6 =• 172.0, 171.6. 140.1, 137.9. 136,8, 
129.8, 129.0, 127.5, 126.1, 63.1, 53.9, 52.9, 50.3, 38.4, 34.6, 30.4, 24.9. 
Mass Spectroscopy: (PI-FAB) 421, (M+H)*. 

12 ' Example 61 

Synthesis of 

iV*<I«MethyUniidazole-4-sulfonyi)-I^prolyi*L-phcnyIalanto 

The title compound was prepared from Example 60 (297) using Method 
20 7 amt was isolated as a white solid. 
NMR data was as follows: 

'H NMR (DMSOdli. 300 MHz): 5 » 7.83 (d. 2H, J - 9.0 Hz). 7.65 
(d. IH, J » 5.0 Hz). 7.20 - 7.05 (br m. 5H). 14 (m. IH); 3.94 (m. IH); 
3.67 (s. 3H); 3.04 (m, 4H>. 1.8! (m. IH). 1.50 (m. 2H); 1.29 (m, IH). 
25 "C NMR (OMSa<. 75 MHz): d - 173.1. 169.9, 140.7, 139.2. 

136.0, 130.0. 127.8. 126.7. 125.9. 63.0, 55.1. 49.7. 36.8. 33.9. 30.5. 
23.9. 

Mass Spectroscopy: (PI-FAB) 429, (M +H)^ 
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m Example 62 

Synthesis of 

iV*(4-Ajmdinobenznesulfoayl)-L-prolyl-Lrphenylalanine Methyl Ester 

5 The title compound was prepared by refluxing the product from 

Example 64 (313) (0.26 mmol) with ammonium acetate (0.32 mmol) in 
methanol (3 mL) for 3.5 hours and then concentrating under vacuum to give 
an oil (114 mg» 96%). The crude product was purified on silica gel 
chromatography (100% EtOAc, Rf - 0.01) to yield a colorless oil (40 mg, 
10 34%). 

NMR data was as follows: 

'H NMR (CDjOD. 300 MHz): 6 - 7.77 (m, 4 H); 7.07 (m, 5H); 4.48 
(m, IH); 4.01 (m ,1H): 3.51 (s, 3H); 3.2iS (m, IH); 3*04 (m, 3H); 2.85 (m. 
IH); l.50(m.4H>- 

15 NMR (CD3OD. 300 MHz): 6 = 174.45, 173.58. 168.09, 143.77, 

138.72, 134.54, 131.01, 130.84, 130.16, 130.11, 128.57, 63.71, 55.72, 
53.45, 51.09 38.72, 32.61, 25.97. 

Mass Spectroscopy: ( + FAB) 459 (M + H). 

20 Example 63 

Synthesis of 

iV*(4*AmidinobeiizenesulfonyI)*L-proiyl-L-phenylalaiune 

The title compound was prepared from the product of Example 62 (303) 
25 using the procedure described in Method 7. 
NMR data was as follows: 

»H NMR (CD3OD, 300 MHz): 6 = 7.72 (m, 4H); 7.00 (m, 5H); 4.51 
(m. 0.5 H); 4.20 (t, IH, J = 5.92); 3.93 (m, IH); 3.23 (m, 0.5H); 3.14 (s, 
• IH); 3.04 (nu IH); 2.85 (m, IH): 1.48 (m, 4H). 
30 NMR (CD3OD, 300 MHz): 6 = 178.07, 173.31, 141.62, 141.36, 

139.70, 138.57, 131.36, 131.05, 131.00. 130.21, 130.17. 130.13. 130.02, 
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129.92, 129.78. 129.71. 128.60. 128.03. 64.12, 57.64, 51.20. 39.52. " 
32.36. 25.88. 

Mass Spectroscopy: (+FAB) 467 (M+H), 489 (M Na). 
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Example 64 
Synthesia of 
A^(4>TliiometlioxyimidatyibciBencsiilfonyi)>L- 
prolyl-L-phenyialanine Methyl Ester 



The title contpouod was prepared by refluxiag the product firom 
Example 65 (314) (0.20 mmoles) with acetone (3 mL) and methyl iodide (0.2 
mL) for 30 minutes, and concentrating the reaction under vacuum to yield a 
yeUow oil (130 mg, < 100%). The crude product was purified on silica gel 
chromatography (80% EtOAc/Hexane, Rf » 0.49) to yield a yellow oil (1 10 
15 mg.99%). 

NMR daa was as follows: 

'H NMR (CDCI,. 300 MHz): & - 9.37 (bs. 2H); 8.11 (d, 2H, J - 
8.43 Hz): 7.96 (d, 2H, J - 8.49 Hz): 7.20 (m. 6H): 4.82 (m. IH); 4.11 (m, 
IH): 3.74 (s, 3H): 3.41 (m, IH): 3.23 (m. IH): 3.09 (m, 2H): 2.94 (s. 3H). 
20 1.83 (m. IH): 1.62 (m, 3H). 

"C NMR (CDCI,, 300 MHz): 5 = 186.47. 172.23, 171.65, 141.68, 
136.53, 136.04, 130.32, 129.84, 129.16, 129.12, 127.74, 62.98,53.98, 
53.33, 50.48, 38.21, 31.58. 31.15. 24.83. 18.30. 

Mau Spectroscopy: (-(-FAfi) 490 (M+H). 



Example 6S 
Syntfaesiior 
AH4-(A/'-Methyl)thloainidobenzenesuironyl)>L- 
prolyl-L-pheiqrlalanine Methyl Ester 

The thle compound was prepared by bubbling hydrogen sulfide through 
a solution of the methyl ester of ExampI 29 (71) (0.3 mmoles) in pyridine 
(3 mL) and thethylamine (0.3 mL) at room temperature for S minutes. The 
flask was sealed and the reaction stirred at room tempenuure for 18 hours. 
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The reaction mixture was concentrated under a stream of nitrogen. The 
residue was diluted with EtOAc (100 mL) and successively washed with 2N 
KHS0«(2 X 50 mL) and sanirated NaQ (50 mL). dried over MgSO«. filtered 
and roto-evaporated to yield a yellow oil (146 mg, 100%). Silica gel TLC in 
5 80% EtOAc/Hexane showed a single spot, Rf » 0.06. 
NMR data was as follows: 

'H NMR (CDCl,, 300 MHz): fi » 8.13 (d. 2H. J = 11.54 Hz); 7.94 
(d. 2H. J » 8.37 Hz); 7.69 (d, 2H. J = 8.43 Hz); 7.20 (m, 6H); 4.83 (m. 
IH); 3.99 (d. IH, J = 6. 17 Hz); 3.77 (s, 3H); 3.34 (t. IH. J = 6.59 Hz); 
10 3.25 (m. IH); 3.03 (m. IH); 1.87 (m. IH); 1.45 (m, 5H). 

"C NMR (CDCl,, 300 MHz): 6 » 201.09, 172.29. 171.28, 144.50. 
138.26. 136.37. 129.76. 129.21. 128.71. 128.21. 127.82, 62.92. 53.74. ,v 
53.31. 50.20. 38.37. 30.64. 30.54. 24.68, 21.68. 

Mass Spectroscopy: ( + FAB) 476 (M +H). 

15 

Example 66 
Synthesis of 

AKrolueiie-4>suironyl)-L-prolyi*D,L-|Ml.2,4^azol-3>yi)alanine 

20 An equimolar solution of P-(U2,4-tria2oI-3.yl)-DX-alanine methyl 

ester. A^-(toluenc-4-sulfonyl)l-L-proiine hemibcnzenaic and bcnzotriazol-l- 
yloxycris(dunetfaylaniino)phosphonium hexafluorophospbate with three 
equivalents of triethyl amine in acetonitrile (0.45M) was stirred at ambient 
temperature^ under nitrogen, for 16 hr. The solvent was stripped off giving 

25 a dark reddish colored oil. The oil was dissolved in ethyl acetate and 
washed with copious amounts of water, brine, and saturated soditun 
. bicarbonate solution and once again with water. The organic phase was 
dried (Na^SOA) and the solvent stripped off yielding a brown oil. The oil was 
hydrolyzed following the procedure described in Method 7 yielding the title 

30 compound as a beige solid, mp « 153-163'*C 
NMR data was as follows: 
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'H NMR (DMSCM., 400 Mhz): 6 = 8.29 (s. IH); 7.77 (s. IH); 7.57-' 
7.52 (m. 2H): 7.37 (d. IH. J - 8. IHr): 7:32-7.29 (m. 2H); 7.22-7.19 (m. 
IH): 4.40 (dd. IH. J = 9.9Hz, 4.2Hr): 4.29-4.25 (m. IH); 3.95-3.87 (m, 
IH); 3.82-3.77 (m. IH); 3.15-3.06 (m, IH); 2.96-2.85 {m, IH); 2.61-2.56 
(m. IH); 2.27 (s, IH); 2.22 (s. IH); 1.81 (t. IH. J - 7.7Hz); 1.75 (s. 3H); 
1.75-1.50 (m. IH): 1.17-1.15 (m. Ill); 1.05-0.94 (m, IH); 0.92-0.89 (m. 
IH). 

IR (KBr, cm-1): 3400; 2960; 2850; 2500; 1775; 1600: 1450; 1400; 
1200; 1175; 1050; 1025; 875; 830; 775; 700; 600; 575; 550. 

Mass Spectroscopy: (+¥AB) 428.3 (M+Na); 406.3 (M - H); 319.4; 
269.4; 227.4; 205.4; 173.3; 113.12. 

Example 67 
Syntlwsisor 

Ar<roIiiene-4i«iiroiiyO-L-pn)lyt-D,L-p-<^thiazolyi)alaiii^ 

The methyl ester of the title compound was prepared using the 
procedure described in Method 3. The ester was hydrolyzed following the 
procedure described in Mediod 6 to afford the tide compound as a foam. 

NMR data was as follows: 

'H NMR (DMSOntt, 400 MHz): 5 - 8.36 (d. 0.5H, J - 8Hz); 8.24 (d, 
0.5H, J - 8Hz); 7.7 (m, 3H); 7.58 (d. IH. J » 3Hz); 7.4. (m. 2H); 4.65 
(m, IH): 4.14 (m, 0.5H): 4.1 (m. 0.5H); 3.45 (m. 8H); 3.1 (m, IH); 2.39 
(s, 3H); 1.75-1.4 (brd m. 4H>. 

IROCBr.cm-'): 3425. 2900. 1730. 1660, 1625. 1525, 1510, 1440. 
1340, 1160. 1080, 660. 580,550. 

Mass Spectroscopy: (+FAB) 424 ( [M+H)*); 323; 279; 237; 215; 197; 
181; 149; 131; 109. 

HPLC (Primesphere C-18; 40/60 methanol/.Ol M KH2P04 buffer 
PH"3.5; flow rate- 1 ml/min): 16.6 min retention time dia^eomer A 
(49%); 19.1 min retention time diasteomer B (51%). 
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^ Example 68 

Synthesis of 
/V-[4-(3-Dim6tliylaminopropyloxy)- 
benzenesulfonyl]-L-prolyl-L-phenylalaiiiii0 

5 

4-(Meihoxy)ben2enesulfonyl chloride was dissolved in CHjCIjand 
chilled in an ice bath to 0*^0. To this solution was added the hydrochloride 
of Pro-Phe-OMe (1 cq.) and TEA (2.2 eq). The reaction was allowed to 
warm to room temperature and stirred overnight under a stream of N^. The 

10 reaction mixture was then concentrated and the residue taken up in EtOAc 
and HjO and the organic phase was washed with sat. NaHCO) and brine, 
dried (MgSOJ, filtered, concentrated to a taclcy solid and used without 
further purification* The solid product was treated with with BBti (IM in 
CHiClj, 3.0 eq.. -78 for one hour then warmed to rt). The reaction was 

15 Chen chilled in an ice bath and quenched with water. Following 

concentration, the residue was taken-up in EtOAc and water. The organic 
phase was washed with brine, dried' (MgSOJ, filtered and concentrated to a 
foam. The product was esterified with MeOH and HCl gas (0 X to rt, 16 
hours) and purified by column chromatography. This product was then 

20 added to a chilled (0 ''Q THF solution of triphenylphosphine (1. 10 eq), 3- 
dimethylmino-l-propanol (1.0 eq) and diethyl azodicarboxy late (1.10 eq). 
The reaction temperamre was held at O^'C for 30 minutes and then allowed to 
warm to room tempctature and stirred overnight The reaction mixmre was 
concentrated and taken-up in EtOAc and washed with sat. NaHCC),. The 

25 produa was than extracted with 0.2 N citric acid, and the aqueous phase 
washed with EtOAc. The aqueous phase was then made basic with solid 
NaHCO, and the product extracted with EtOAc. The organic phase was 
^washed with brine, dried (MgSOJ* filtered and concentrated. The product 
was purified by preparative TLC. The hydrolysis was performed using 

30 Method 7 to yield the tide compound as a mixture of diastereomers and was 
isolated as a white, hygroscopic solid. 
NMR dau was as follows: 
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NMR (DMSCK. 300 MHz): 6 » 7.76 (d, 2H, J » 9.0 Hz); 7.74 " 
(m. IH): 7.15 - 7.10 (br m. 6 H); 4.07 (t. 2H. J = 5.0 Hz); 3.90 (m. 2H): 
3.21 - 2.83 (m, 4H); 2.37 (m, 2H); 2.37 (t. 2H, J = 7.0 Hz); 2.13 (s. 6H); 
1.85 (m, 2H): 1 .69 (m. IH); 1.50 - 1.25 (ra. 3H). "C NMR (DMSO- 
5 75 MHz): h = 172.3. 169.7. 162.6, 139.3. 130.3. 130.1. 130.1. 128.1. 

127.9. 127.8, 125.9. 125.8, 115.3. 115.2. 66.7. 62.4, 55.8, 55.2. 49.3. 
45.5. 36.96, 30.6. 27.0. 23.9. 

Mass Spectroscopy: (PI-FAB) 548, (M-H+Na)*. 

10 Example 69 

Synthesis of 
iV>(4-TliiocarbaiiioylbMzeiicsuiroiiyl>- 
L-(54-diinethyl)thiaproIyl-L-plieayialaiiiiic Benzyl Ester 

15 The title confound was prepared following the procedure of Example 

65 (314). 

NMR data was as follows: 

'H NMR (CDCr,): 6 - 8.48 (bs. IH), 8.24 (bs. IH). 8.00-7.97 (d, 2H). 
7.78-7.75 (d, 2H), 7.29-7.09 (m, lOH). 5.12 (m. 2H). 4.48 (m, IH). 4.49- 
20 4.46 (d. IH>. 4.33-4.30 (d, IH). 3.09 (m. 2H). 1 .03-0.99 (d, 6H). 3.91 (s. 
IH). 

'HNMR(CDa,): 5 - 200.5. 171.6. 169.2. 144.3. 138.4. 136.2. 
135.6. 130.0. 129.2. 128.8. 128.4. 127.8, 74.1, 68.1, 55.1, 54.1. 51.1, 
38.5, 29.8. 24.2. 21.7. 



25 



30 



Example 70 
Synthesis of 

Ar-<4-Cyanobenzenesiilfonyi)-L-<5,5-dhnethyi)thia|»olyi- 
L-phenylalanioe Benzyl Ester 

The title compound was prepared following the procedure outlined for 
the preparation of Example 29 (71). 
NMR data was as follows: 
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* 'H NMR (CDCl,): 6 = 7.95-7.92 (d. 2H). 7.77-7.74 (d, 2H). 7.34-7.33 
(m. lOH). 7.19-7.18 (m, lOH), 7.10-7.09 (m, lOH), 6.97-6.95 (d. IH). 5.15 
(m. 2H). 4.91 (m. IH). 4.47 (s. 2H). 3.10 (m. 2H), 1.19-1.11 (2s. 6H). 
"C NMR (CDCl,): 6 » 171.3. 168.4. 141.0, 136.3. 135.6. 133.7. 
5 130.0. 129.2, 127.7. 117.8. 74.1. 68.0. 55.3, 53.86. 51.1. 38.7. 29.9. 
24.4. 

Example 71 
Synthesis of 

10 iV-(ToIiiene-4-stilfonyi)-L-(tliiaiiion>hoI]d-3-cai1ionyl)-L-plra 

L-thiamorpholine-5-carboxylic acid was prepared by the method of 
Larason and Carlson {Aaa Chemica Scan, 48: 517-525 (1994)). ^^{tolucne- 
4-sulfonyl)-L-thianiorpholinc-5-carboxyIic acid was prepared using the 
15 procedure described in Method 1. The title compound was prepared 
according to the procedure described in Example 1 (9). 
NMR data was as follows: 

NMR (CDjOD): & = 7.49-7.04 (m, 9H), 4.62 (m, IH), 4,47 (m, 
IH), 3.88 (m, IH), 3.12-2.36 (m, 5H). 2.18 (s, 3H), 2.18-1.92 (m. 5H). . 
20 NMR (CD3OD): 5 - 175.1, 174.8, 170.8, 170.7, 146,2, 146.\, 

138.9, 138.5, 131.8, 131.1, 130.3, 129.1. 128,7, 57.0, 56.9, 55.7, 45.5, 
45.2, 38.9, 38.5, 28.6, 28.1, 26.8, 26.9, 22.3. 

Example 72 

25 Synthesis of 

iV-(ToIuene-4-sulfonyl>- 
M(l*l*dioxo)tlriamorpliolyl-3H:arbooyQ-L*pbaiylalanine 

The title compound was prepared from the product of Example 71 (500) 
30 using the procedure described by Larsson and Carlson (Acta Chemica Scan. 
48. 522 (1994)), 

NMR data was as follows: 
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'H NMR (CDjOD): « = 7.54 (m. 2H). 7. 17-6.90 (tn. lOH). 5.07 (m, 
IH). 4.45 (m. IH). 4.08 (m, IH). 3.8-3.3 (m. 2H). 3.09-2.6 (m. 5H). 2.22 
(s. 3H), 2.11 (s. 3H). 

"CNMR(CD,OD): 6 - 175.1. 174.5. 168.5. 146.9. 139.5, 138.4. 
137.8. 132.0. 131.1. 131.6. 130.2. 129.2. 128.8. 126.9. 62.6, 57.8. 57.6, 
55.7, 55.5, 51.6, 51.4. 43.8, 43.6. 43.ii. 38.7. 38.5, 22.2, 22.1. 

Example 73 
Synthesis of 

AMTolueiu-44uJronyi).L-((i4.dioxo)thiainorpholyi- 
3Harboayi>L«plienyiaIaiiiiie Ethyl Esto* 

The tide compound was prepared following the procedure outlined for 
the preparation of Example 72 (501). 

NMR data was as follows- 

'H NMR (CDCI,): 5 - 7.72 (d. IH). 7.63 (d, IH). 7.35 (m. 7H), 7.13 
(m. 2H). 6.80 (d. 0.5H), 6.69 (d. 0.5H), 5.13 (m. 0.5H). 5.00 (m. 0.5H), 
4.89 (m. 0.5H). 4.77 (m, 0.5H). 4.21 (m. 2H). 3.99 (m, IH), 3.19 (m. 2H), 
3.02 (m, 2H), 2.88 (m, 2H), 2.44 (s, 3H), 1.25 (m. 3H). 

"C NMR (CDCI,): 6 - 171.5., 171.4. 165.4. 165.1. 146.1. 136.1, 
135.5. 131.2, 130.0, 130.0, 129.3, 129.2, 128.0, 127.8, 62.5. 62.4. 56.8, 
56.6. 54.2. 53.9. 50.2. 49.9. 49.4. 49.3, 42.6, 42.3, 38.1. 37.8. 22.3. 14.7. 

Example 74 
Synthesis 

Ar-(toliiene-4-sulfoiiyl)-L*prolyl>L-phenylalanine 
2-(l-iiieth(yl>l,4-dihydropyridliiyl-3-aiiiido)^yl ester 

A solution of (S.S)-l-methy|.3-{2-(3-pheny|.2.{[(l-toIuene^sulibnyl). 
pyrrolidine-2-carbonyll-amino}-propionyloxy).€thylcarbamoyll-pyridiiuum 
iodide (3.8 g) was prepared in nitrogen degassed water (1000 mL) and 
acetonitrile (55 mL). At ambient temperanire, a mixture of N%S}0« (2.82 g) 
and NaHCO, (2.268 g) was added at once and the reaction mixoire stirred 
another 3 hours at room temperamre while being exposed to a slow nitrogen 
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^throughput. Thereafter, the aqueous phase was extracted with chloroform (3 
X 200 mL), and the organic extracts were combined, dried over MgSO<, 
filtered and evaporated. The residue was flash chromatographed on 200 g 
silica gel. Elution with 2% methanol/chloroform gave 800 mg of the titled 
S compound as a solid, mp » 68-72''C. 

Other compounds prepared by the methods described above include 
those set forth in Table II below: 
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Example 95 
In vitro Assay For Determining Binding of 
Candid^ Compounds to VLA-4 

An in vitro assay was used to assess binding of candidate compounds to 
a^^x integrin. Compounds which bind in this assay can be used to assess 
VCAM-1 levels in biological samples by conventional assays (e.g., 
competitive assays). This assay is sensitive to IQq values as low as about 
InM. 

The activity of a«P, integrin was measured by the interaction of soluble 
VCAM-1 with Jurkat ceils (e.g., American Type C^ilmre Collection Nos. 
TIB 152, TIB 153, and CRL 8163), a human T*ceU line which expresses 
high levels of OtP, integrin. VCAM-1 interacts with the cell surface in an 
ttiPi integrin-depcndent fashion (Yednoclc, et al. /. BioL Oiem. 22Q: 28740 
(1995)). 

Recombinant soluble VCAM-1 was expressed as a chimeric fusion ' 
protein containing the seven extracellular domains of VCAM-1 on the N- 
terminus and the human IgG, heavy chain constant region on the C-terminus. 
The VCAM-1 flision protein was made and purified by the manner described 
by Yednock, supra. 

Juricat cells were grown in RPMI 1640 supplemented widi 10% fetal 
bovine serum, penicillin, streptomycin and glutamine as described by 
Yednodc, j^p/a. 

Juricat cells were incubated widi 1.5 mM MnCl^ and 5 ^g/mL 15/7 
antibody for 30 minutes on ice. Mn^' activates the receptor to enhance 
ligand binding, and 15/7 is a monoclonal antibody dm recognizes an 
activated/ligand occupied conformadon of a«p, integrin and locks the 
molecul into this conformation* thereby stabilizing the VCAM*l/ix«()t 
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^tegrin interaction. YednocJc, et al., supra. Antibodies similar to the 15/7 
antibody have been prepared by other invesiigaton (Luque, et al., 7. BioL 
Chem, 221:11067 (1996)) and may be used in diis assay. 

S Cells were then incubated for 30 minutes at room temperature with 

candidate compwnds, in various concentrations ranging from 66 fitd to 0.01 
mM using a standard 5-point serial dilution. 15 /aL soluble recombinant 
VCAM-1 fusion protein was then added to Jurlcat cells and incubated for 30 
minutes on ice. (Yednock et al., supra.). 

10 

Cells were then washed two times and resuspended in PE<onjugated 
goat F(ab')2 anti*mouse IgG Fc (Immunotech^ Westbrook, ME) at 1:200 and 
incubated on ice, in the dark, for 30 minutes. Cells were washed twice and 
analyzed with a standard fluorescence activated cell sorter ("FACS") analysis 
15 as described in Yednock, et al. , supra. 

Compounds having an ICfo of less than about 15^ possess binding 
affinity to a«P|. i 

20 When tested in this assay, each of the compounds in Examples 1-91 has 

an IC50 of 15 fxM or less* 

Example 96 

/n yj^ Saturation Assay For Oetoinining Btndi^ 
25 Candidate Compounds to a<pt 

The following describes an in vitro assay to determine the plasma levels 
needed for a compound to be active in the Experimental Autoinunune 
Encephalomyelitis C'EAE") model, described in the next example, or in 
30 other in vivo modeb. 
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Log-growth Jurkat cells are washed and resuspcnded in nonnal animai " 
plasma containing 20 ^g/xal of the 15/7 antibody (described in the above 
example). 

The Jurkai cells are diluted two-fold into either normal plasma samples 
containing known candidate compound amounts in various concentrations 
ranging from 66 mM to 0.01 /aM, using a standard 12 point serial dilution for 
a standard curve, or into plasma samples obtained from the peripheral blood 
of candidate compound-treated animals. 



10 



15 



Cells are then incubated for 30 minutes at room temperaoirc and washed 
twice with phosphate-buffered saline ("PBS") containing 2% fetal bovine ^ 
serum and ImM each of calcium chloride and magnesium chloride (assay 
medium) to remove unbound 15/7 amibody. 



The ceils are then exposed to phycoerythrin-conjugated goat F(zV\ anti- 
mouse IgO Fc (Immunotech, Westbrook, ME), which has been adsorbed for 
any non-specific cross-reactivity by co-incubation with 555 serum from rhe 
animal species being studied, at 1:200 and incubated in the dark at 4^C for 
20 30 minutes. 

Cells are washed twice with assay medium and resuspended in the same. 
They are dm analyzed with a standard fluorescence activated cell sorter 
("FAGS') analysis as described in Yednock ct al.. /. BloL Chem. 22flr 
25 28740(1995). 



The data is then graphed as fluorescetice versus dose, e.g.. in a normal 
dose-response fishion. The dose levels that result in die upper plateau of die 
curve represent the levels needed to obtain efficacy in an m vivo model. 
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^ This assay may also be used to determine the plasma levels needed to 
saturate the binding sites of other integrins, such as the o^P, integrin, which 
is the integrin most closely related to (n»(J| (Palmer et al., 7. Cell Bio, 121: 
1289 (1993)). Such binding is predictive of in vivo utility for inflammatory 
conditions mediated by 090, integrin, including, by way of example, ainvay 
hyper-responsiveness and occlusion that occurs with chronic asthma, smooth 
muscle cell proliferation in atherosclerosis, vascular occlusion following 
angioplasty, fibrosis and glomerular scarring as a result of renal disease, 
aortic stenosis, hypertrophy of synovial membranes in rheumatoid arthritis, 
and inflanunation and scarring that occur with the progression of ulcerative 
colitis and Crohn's disease. 

Accordingly, the above-described assay may be performed with a human 
colon carcinoma cell line, SW 480 (ATTC #CCL228), transfected with 
cDNA encoding oe, integrin (Yokosaki et al., /. BioL Chem. 262: 26691 
(1994)), in place of the Jurlcat cells, to measure the binding of the o^p, 
integrin. As a control, SW 480 cells which express other a and pi subunits 
may be used. , 

Accordingly, another aspect of this invention is directed to a method for 
treating a disease in a mammalian patient, which disease is mediated by c^P,. 
and which method comprises administering to said patient a therapeutically 
effective amount of a compound of this invention. Such compounds are 
preferably administered in a pharmaceutical composition described herein 
above. Effective daily dosing will depend upon the age, weight and 
» condition of the patient, which factors can be readily ascertained by the 
attending clinician. However, in a preferred embodiment, the compounds 
are administered from about 20 to SOO ^g/kg per day. 



PCT/US98/15327 

151 

Example 97 
In vivo Evaluation • 
Experimental Autoimmune Encephalomyelitis 

The standard multiple sclerosis model. Experimental Autoimmune (or 
Allergic) Encephalomyelitis C'EAE-), was used to determine the effect of 
candidate compounds to reduce motor impairmem in rats or guinea pigs. 
Reduction in motor impairment is based on blocking adhesion between 
leukocytes and the eirioUielium and correlates with ami-inflammatory 
activity in the candidate compound. This model has been previously 
described by Kesztheiyi et al.. Neurology 43^:1053-1059 (1996), and 
measures the delay of onset of disease. 

Brains aod spinal cords off adult Hartley guinea pigs were homogenized 
in an equal volume of phosphate-buffered saline. An equal volume of 
Freund's complete adjuvant (100 mg mycobacterium tuberculosis plus 10 ml 
Freund's incomplete adjuvant) was added to the homogenate. The mixture 
was emulsified by circulating it repeatedly through a 20 ml syringe with a 
peristaltic punq) for about 20 minutes. 

Female Lewis rats (2-3 months old, 170-220 g) or Hartley guinea pigs 
(20 day old, 180-200 g) were anesthetized with isofhirane and three 
injections of the emulsion, 0. 1 ml each, were made in each flank. Motor 
impairment onset is seen in approximately 9 days. 

Candidate compound treatment began on Day 8, just before onset of 
symptoms. Compounds were administered subcutaneously ("SC"), orally 
("PO") or iniraperiioneaUy ("IP-). Doses were given in a range of lOmg/kg 
to 200 mg/kg, bid, for five days, with typical dosing of 10 to 100 mg/kg SC, 
10 to 50 mg/kg PO, and 10 to 100 mg/kg IP. 
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Antibody GG5/3 against O4P1 integrin (Keszthelyi et al.. Neurology 
42: 1053-1059 (1996)), which delays the onset of syraptonw, was used as a 
positive control and was injected subcutaneously at 3 mg/kg on Day 8 and 
11. 

5 

Body weight and motor impainnent were measured daily. Motor 
impairment was rated with the following clinical score: 

0 no change * 

10 1 tail weakness or paralysis 

2 hindlimb weakness 

3 hindlimb paralysis 

4 moribund or dead 

15 

A candidate compound was considered active if it delayed the onset of 
symptoms, e.g., produced clinical scores no greater than 2 or slowed body 
weight loss as compared to the control. 

20 When tested in this in Wvo assay, at least the compound of Example 3 

was active. 



Example 98 
In vivo Evaluation - Asthma 

25 

Inflammatory conditions mediated by aj^^ integrin include, for example, 
airway hyper*re$ponsiveness and occhision that occurs with chronic asthma. 
The following describes an asthma model which can be used to study the in 
vivo effects of the compounds of this invention for use in treating asthma. 
30 * 

Following the procedures described by Abraham et al, 7. Clin. Invest. 
21:776-787 (1994) aiul Abraham et al» Am L Respir Crit Care Med. 
126:696-703 (1997), both of which are incorporated by reference in their 
entirety, compounds of this invention are formulated into an aerosol and 
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administered to sheep which are hypersensitive to Ascaris suum antigen. ^ 
Compounds which decrease the early antigen-induced bronchial response 
and/or block the late-phase airway response, e.g., have a protective effect 
against andgen-induced late responses and airway hyper-responsiveness 
rAHR"). are considered to be active in this model. 

Allergic sheep which are shown to develop both early and late bronchial 
responses to inhaled Ascaris suum antigen are used to study the airway 
effects of the candidate compounds. Following topical anesthesia of the 
nasal passages with 2% lidocaine, a balloon cadieter is advanced through one 
nostril into the lower esophagus. The animals are then imubated with a 
cuffed endotracheal otbe through the odier nostril with a flexible fiberoptic ' 
bronchoscope as a guide* ' 

Pleural pressure is estimated according to Abraham (1994). Aerosols 

(see formulation below) are generated using a disposable medical nebulizer 

■t 

that provides an aerosol with a mass median aerodynamic diameter of 3.2 
(im as determined with an Andersen cascade impactor. The nebulizer is 
connected to a dosimeter system consisting of a solenoid valve and a source 
of compressed air (20 psi). The output of the nebulizer is directed into a 
plasdc T-piece, one end of which is connected to the inspiratory port of a 
piston respirator. The solooid valve is activated for 1 second at the 
beginning of the inspiratory cycle of the respirator. Aerosols are deUvered 
at VV of SOO ml and a rate of 20 breaths/minute. A 0.5% sodium 
bicarbonate sohition only is used as a control. 

To assess bronchial responsiveness, cumulative concentration-response 
curves to carbachol can be generated according to Abraham (1994). 
Bronchial biopsies can be taken prior co and following the initiation of 
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treatment and 24 hours after antigen challenge. Bronchial biopsies can be 
preformed according to Abraham (1994). 

An in vitro adhesion study of alveolar macrophages can also be 
performed according to Abraham (1994), and a perccutoge of adherent cells 
is calculated. 



10 



Aerosol Formularinn 

4 

A solution of the candidate compound in 0.5% sodium 
bicarbonate/saline (w/v) at a concentration of 30.0 mg/mL is prepared using 
the following procedure: 



15 



A. Prenaratinn nf ino n mF. nf 0 
Sodium Bicarhonate / Saline Stock Snlntinn 



Ingredient 


Gram / 1(X).0 mL 


Final Concentration 


Sodium Bicarbonate 


0.5 g 


0.5% 


Saline 


q.s. ad 100.0 mL 


q.s. ad 100% ^ 



20 Procedure: 

1. Add 0.5g sodmm bicarbonate into a 100 mL volumetric flask. 

2. Add approximately 90.0 mL saline and sonicate until dissolved. 

3. Q.S. to 100.0 mL with saline and mix thoroughly. 



2S 



B. Prgnaratinn of 30.0 mg/fnL Candidate Compound: 10 Q mr. 



30 



Ingredient 


Gram / 10.0 mL 


Final Concentration 


Candidate Compound 


0.300 g 


30.0 mg/mL 


0.5% Sodium Bicarbonate / 
Saline Stock Solution 


q.s. ad 10.0 mL 


q.s ad 100% 
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Procedure: 

1. Add 0.300 g of the candidate compound into a lO.O mL 
voluznetrtc flask. 

2. Add approximately 9.7 niL of 0.5% sodium bicarbonate / saline 
5 stock solution. 

3. Sonicate until the candidate compound is conq)Ietely dissolved. 

4. Q.S. to 10.0 mL with 0.5% sodium bicarbonate /valine stock 
solution and mix thoroughly. 

10 Using a conventional oral formulation, compounds of this invention 

would be active in this model. 
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WHAT IS CLAIMED IS: 

1. A compound of fonnula I: 

O 

I II 

R'-SO,-N(R»)-C-Q-CH.C-OH I 

I I 
H R» 

where 

is selected from the group consisting of aikyi, substituted alkyi, aryU 
substituted aryU cycloalkyl* substituted cycloalkyl, heterocyclic, substituted 
heterocylic, heteroaryl and substituted heteroaryl; 

and R^, together with the nitrogen atom bound to B? and the carbon . ' 
atom bound to R'* form a saturated heterocyclic group or a saturated 
subscimted heterocyclic group with the proviso that when monosubstituted, 
the substituent on said samrated heterocyclic group is not carboxyi; 

R' is selected from the group consisting of -(CHt)a*aryl and 
-(CH^Q-heteroaryl, where n is an integer equal to 1 to 4; 

Q is ^(X)NR^* wherein R^ is selected from the group consisting of 
hydrogen and alkyl, and X is selected from the group consisting of oxygen 
andsulfiir; 

and pharmaceutically acceptable salts thereof 

with the proviso that when R^ is 2,4,6-crimethylphenyU R^ and R^ 
together with the pendent nitrogen and carbon atoms form a pyrrolidinyl ring 
and Q is -C(0)NH-, then is not benzyl. 

2* A compound of fonnula n: 

R^ O 
I i 

R'-SOi-N(R^-Q<M-C-R* n 

I I 
H R* 
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R* is selected from the group consisting of allcyl, substituted alkyi, aryl, 
substituted aryl, cycloailcyK heterocyclic, substituted heterocylic, heteroaryi 
and substituted heteroaryi; 

and R*. together with the mirogcn atom bound to I? and the carbon 
atom bound to R^, form a saturated heterocyclic group or a samratcd 
substimted heterocyclic group with tiie proviso that when monosubstituted, 
the substimcnt on said samraced heterocyclic group is not cacboxyl; 

R* is selected from the group consisting of -(CHt)„-aryl and 
-(CH2)„-heteroaryl, where n is an integer equal to 1 to 4; 

R* is selected from the group consisting of amino, alkoxy, substituted 
alkoxy. cycloalkoxy, substimted cycloalkoxy, -(HN-succinimidyl), -NH- 
adamantyU •O-cholcst-S-en-S-P-y I, -NHOY where Y is hydrogen, alkyh ^ ' 
substimted alkyl. aryl, and substituted aryl, -NH(Ciy^COOY where p is an 
integer of from 1 to 8 and Y is as defined above, -OCHNR»R*** where R» is 
selected from the group consisting of -C(0)-aryl and -C(0).substimted aryl 
and R^^ is selected from the group consisting of hydrogen and 
-CHjCOOR" where R" is alkyi, and -NHSO^Z where Z is alkyi, substituted 
alkyi, cydoalkyl, substimted cycloalkyi, aryl, substimted aryl, heteroaryi, 
substimted heteroaryi, heterocyclic and substimted heterocyclic; 

Q is -C(X)NR^- wherein R^ is selected from the group consisting of 
hydrogen and alkyi, and X is selected from the group consisting of oxygen 
andsuiftm 

and pharnuceutically acceptable salts thereof, 
with the following provisos: 

A. when R^ is 4-methylphenyl, R^ and t(? together with the pendent 
nitrogen and carbon atoms fonn a pyrrolidin-2-yl ring, itf is benzyl and Q is 
-C(0)NH-, then R* is not -NH(CH2)iC0iEt or •(l^,2S.5/0-<-)-nicnihyl ester; 

B. when R* is 4-mcthylphenyl, R* and R* together with the pendcm 
nitrogen and carbon atoms fonn a 3-P-phenyH>-pyrroiidin-2-yl ring, 9} is 
benzyl and Q is -C(0)NH-, then R? is not -OCHjCH,; 



wo 99/06436 PCT/US9«/15327 

- 158 - 

C. when is l-N-raetliyl-3-methyI-5<hloropyrazol-4-yl, and R* 
together with the pendent nitrogen and carbon atonu fonn a pyrrolidin-2-yl 
ring. R^ is benzyl and Q is -C(0)NH-, then R? is not -OCH,; 

D. when R* is 4-mcthylphenyl, R^ and R* together with the pendent 
5 nitrogen and carbon atoms form a pyrrolidin-Z-yl ring, I? is 

D-benzyi and Q is -C(0)NH-, then R? is not -OCHjCH,; and 

E. when R* is 4-methylphcnyl. R* and R^ together with the pendent 
nitrogen and carbon atoms form a 5,5-dimethyH,l-dioxo-thi^rolyl ring. R* 
is benzyl and Q is -C(0)NH-. then R* is not -OQCH,),. 



10 



3. The conq}ound according to Claims 1 or 2, wherein R* is 
selected from the group consisting of aryl, substimted aryU heterocyclic, 
substimted heterocylic, heteroaryl and substituted heteroaryl. 



IS 4. The compound accordmg to Gaims 1 or 2. wherein R' is 

selected from the group consisting of 4«methylphenyi, methyl, benzyl, 
rt-butyl, 4-chlorophenyl, l-naphthyl. 2-naphthyl. 4-mcthoxyphenyl, phenyl. 
2,4.6-trimcthyIphenyl. 2-(mcthoxycarbonyl)phenyl. 2-carboxyphenyl. 
3 »5-dichloropheny 1. 4-trifluoromethy Ipheny I, 3 ,4^hloropheny L 

20 3,4-dimethoxyphcnyK 4-(CHjC(0)NH-)phcnyK 4-trifIuoromethoxyphenyl. 4- 
cyanophenyU isopropyl, 3,5-di-(trifluoromcthyl)phenyK 4.f-butylphenyl. 4^- 
butoxypheiqfl. 4-nitrophenyU 2-thienylt l-N-methyl-3-niethyl-5- 
chloropyrazol-4-yl. phencihyh l-N-metbyIimidazol-4-yl. 4.bromophenyU 
4-amidinophcnyK 4-methyIamidinophenyl. 4-{CH,SC(=NH)Iphenyl. 

25 5-chloro-2-diienyU 2.5-dichloro-4.thienyl. l-N-mcthyI-4-pyrazolyU 
2-thiazoIyl. 5-methyl-l,3,4.thiadiazoI-2-yl, 4-[H2NC(S)IphenyU 
4-aminophcnyh 4-fluorophenyK 2-fluorophenyl, 3-fluorophenyI. 3.5- 
difluorophenyK pyridiii-3-yl. pyrimidin-2-yl, and 4-(3'-dimcthyIamino-rt- 
propoxy>i>henyl. 



30 
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5. The compound according to Claims 1 or 2, wherein R* and " 
together widi the nitrogen atom bound to the R? substioiem and the carbon 
bound to the R' substioient form a heterocyclic or substioued heterocyclic 
group of 4 to 6 ring atoms having I to 2 heteroatoms in the ring selected 
from the group consisting of nitrogen, oxygen and sulfur, which ring is 
optionaUy subsdnued with 1 to 2 subsdments selected from the group 
consisting of fluoro. mediyl. hydroxy, amino, phenyl, thiophenyl and 
thiobenzyl, or can be fused to another sanirated heterocyclic or cycloalkyl 
ring such as a cyclohcxyl ring to provide for a fused ring heterocycle of from 
10 to 14 ring atoms having I to 2 heteroatoms in the ring selected from the 
group consisting of nitrogen, oxygen and sulAir. 

6. A compound according to Claims I or 2. wherein the and R» 
heterocyclic ring is selected ftom the group consisting of azetidin-2-yl, 
thia20liditt4-yl, piperidin-2-yl. piperi2in-2-yl, thiomorphoiin-3-yl and 
pyrroUdia-2-yl. 

7. The compound according to Claims 1 or 2. wherein the and 
R» substimted heterocyclic ring is selected from die group consisting of 
4-hydro;qrpyrrolidin-2-yl. 4-fluoropyrrolidin-2-yl, 3-phenylpyrTOlidin-2-yl. 
3-thiophenylpyrroUdin-2-yl. 4.aminopyrrolidiii.2-yl. 3-medK>xypyrrolidin.2- 
yl. 4.4-difflethylpyrrolidin-2-yl, 4-N-Cbz-piperiziii-2-yl. 5.5-dimediyl- 
diiazolidiiHt-yl. 1,1-dioxo-thiazolidin^yl. L-l.l-dioxo-S.S- 
dimetbylthiazolidior4-yl and l.l-dioxodiiomorpholti^i. 

* 

8. The compound according to Claims 1 or 2. wherein is 
selected from die group consisting of benzyl. phenediyJ, -CH-(3-indoIyl), 
-CH,-{l-naphUiyl). -CHi-(2-naphUiyl). -CHi-(2.thienyl). -CH2-(3-pyridyl). 
-CH,-(5-imidazolyl). -CH,-3-(l.2.4.tria2olyl)and-CH,-<2-thiazolyl). 
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9. The compound according to Claim 2, wherein F? is selected from 
the group consisting of methoxy. ethoxy, /jo-propoxy, n-butoxy, 
r-butoxy, cyclopentoxy, /i^o-pentoxy, 2-a-wo-propyl-4-jJ- 
methylcydohexoxy, 2H3-isopropyl-4^}.metbylcycIohexoxy, 

5 -NH^, benzyloxy, -NHCH,COOH. -NHCHiCHjCOOH. .NH-adamamyK 
-NHCHiCHiCOOCHjCHj. -mSOr-p^Hyi^, -NHOR« where R* is 
hydrogen, methyl, /^<7-propyl or benzyl, 0-(N-succiQimidyl), 
-0-cholest.5-en.3-P-yK -OCH:-OC(0)C(CH,)„ -0(CHi),NHC(0)W where z 
is 1 or 2 and W is selected from the group consisting of pyrid-3-yl. N- 
10 methylpyridyl. and N-methyl-1.4-dihydro-pyrid-3-yI and -NR"C(0)-R' 
where R' is aryl, heteroaryl or heterocyclic and R* is hydrogen or 
-CH,C(0)OCHiCH,. 

10. A compound selected from the group consisting of: 

15 

A/'-CmethanesulfonyO-L-prolyl-L-phenylalanine 
^-(a-toiuenesuifonyl)*L-proiyl-L-phenylalanine 
20 //-(tolucne-4-sulfonyl)-L-prolyl:L-phenyIaIanine ' 

A^(toluene-4-sulfonyl)-L-prolyl-L-(iV^raethyl)phenylalanine 
iVKtoIuene*4*sulfonyl)-L-pipecolinyl-L-phenylalanine 

25 

AMtohiene-4-sulfonyl>-D-prolyl-Lphenylalaninft 
//Ktohiene-4-sulfonyl)-L-(4-hydroxy)prolyl-L-phcnylalanine 
3a ^Ktolue&e-4-suifonyl)-L-proiyl-D,L-homoptaenylalanine 
i^^(4<hiorobenzenesulfonyi)-L-prolyl*L-phenylaiam&e 
N-(l-naphthalenesulfonyl)*L*prolyt-L-phenylalanine 

35 

iV*(2-Qaphthalenelsulfonyl)*L*prolyi-L-phenylalanine 
iV-(4-methoxybenzenesulfonyI)-L-prolyl-L*phenylalaniAe 
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M(4-feJt-butylbcnzcnesulfonyl>L-proIyl-L-phenylalanine 
A^-(tolucnc-4-sulfonyl)-L-(4-nuoro)prolyl-L-phenylalaiiiiic 
iV-(/!-butanesulfonyl>L-prolyl-L-phenylalanine 
^Ktolucnc-4.sulfonyl)-L-{5,5-dimeihyl)thiaproIyl-L-phenylal^^ 
^-(2-tnethoxycarbonylbenzenesulfonyl)-L-prolyl-L-phenyl^ 

4 

i\^{2<arbo)cybenzenesulfonyl)-L-prolyNL-phenyialanine 
^•Ktoluene-4-5ulfonyl>L-duaprolyl-L-phenylalanine 
1 5 ,5-dicUorobenzenesulfony l>L-proIyl*L*pheny ialanine 

^«(4-thfluoromethoxybenzene$ulfoayl)-L-prolyl*L-phenylalam^ 
M<3,4-dicUorobenzeziesulfonyl>L-prolyl-L-phenylalaxu^ 

20 

iV-(toIuetie-4-sulfoayl>D,L*<3-phenyl)prolyI«L-phenyialani 
^-(3.4-<iiinethoxybcnzenesuifoayl)-L-prolyl-L-phra 
25 iV-(4-mtrobenzenesulfonyl)-Li)rolyl-L-phcnylalanine 

AK4-acetamidobenzenesulfoayl>L*prolyl-L-phenylalao^ 
^'K^-cyanobenzenesulfonyO-L-prolyl-L-pheaylalanine 

30 

iV-(toturae-4-sulfoQylVL-prolyUL-tryptophan 
iV<toh2ene-4-suifonyl)-L-prolyl-(Hl*naphthyl)-L^ 
3S A^(tolueae-4-siUfoayl>L-prolyl*p-<2*napluhyl>L-alamw 
A^(toluene-4-sulfoQyl>L-prolyi-|H2-thienylVL-alan^ 
iVKisopropanesulfonylVL-prolyl-L'phenylalaxuse 

40 

^•Ktolucnc-4-sulfonyl)-L-prolyl-pK3-pyridyl>L-alaninc 
A^<totueiie^sulfonyi)-LK4^tKnyithio)prolyl-L-pheayiaIan^ 
45 iV-(toluene-4-sulfonyl)K4-benzylthio)-L-prolyl-L-phenylalaninc 
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^ A^-(toluene-4-sulfonyl)-L-prolyl-L-hisiidine 

A/^(tolucne-4-sulfonyl)-L-(4-amino)prolyl-L-phcnylaIanine 
5 M{tohiene-4-sulfonyI)-L-proIyl-L-phenylalaninamidc 

A^-(toluenc-4-sulfonyl>-L-prolyl-L-phenylalanine benzyl ester 
M(toluene-4-sulfonyl)-L-prolyl-L-phenylalanme ethyl ester 

10 

iV-(tolucnc-4-sulfonylVL-pn)Iyl-L-phenylalanincMmcthoxyamide 

4 

/^-(toIuenc-4-sulfonylVL-prolyl-L-phenylaIaniMiV-ben2yto^ 

15 ^-(coIuenc-4-sulfonyl)-L-prolyl-L-phenylalanine iV-(toluene-4- 

sulfonyi)amide 

yV-(toIuene-4-sulfonyl)-L-prolyl-L-phe0ylalanmyl-P-alaiiiiie 
20 iV-<toluene-4-sulfonyl>L-prolyl-L-pheiiyIalanine^-hydroxyami 
^•Ktoh2cne-4-sulfonyl)-Li)rolyl-L-phenylalanine isopropyl ester 
AKtoIucne-4-sulfonyl>L-(4-hydroxy)pn)lyl-L-phenylalanine 



25 



30 



35 



iV.(toluenc-4-sulfonyl>L-proIyl-L-phenylaIanmyKiV-bcnzoyl)g 
ethyl ester 

A^(toIucnc-4-sulfonyl)-M4-fluoro)prolyl-L-phcnylaIanine benzyl ester 

A/'-(tolucne-4-sulfonyl)-L-thiaprolyl-L-phenylilanine benzyl ester 

AKtolueDe-4-sulfonyl>-M5.5-dimethyl)thiaproiyl-L*pheny [alanine 
benzyl I 



iV-<tohienc-4-sulfony l)-L-(5 ,5-dimethy Dthiaproly l-L-pheny lalanine ethyl 
ester 



A^<2-metboxycarbonylbenzenesulfonyt)«L-prolyl-L-phenylalanine benzyl 
40 ester 

AKtoluene-4-sulfonyl)-L-(3-phenyl)prolyl-L-phenylalaninc ethyl ester 
iVKtoluene-4-sulfonyl)-L-(4-methoxy)prolyUL-phenylalanine 

45 
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/V-(toIuene-4-sulfonyl)-L-prolyl-L-phenylalaiiine (l.S,2/f,55).(+)- ^ 
menthyl ester 

iV.(toluene-4.sulfonyl)-L-prolyl-L-phenylalaninciV.hydroxysuccixi^ 
5 ester 

iV-(tolucnc-4-sulfonyl)-L-prolyI-L-phenylalamne 2-(mcotinamido)cihyl 
ester 

10 iV-(toluene-4-sulfonyl)-L-prolyl-L-phenylalaniiie 2-(l -methy Ipyridinium- 

3-amido)ethyl ester 

iV-{toluene-4-sulfonyl)-L-prolyl-L-phenylalanine cholcsieryl ester 

15 iV<toIuene-4-sulfoayl)-L-prolyl-L-phenylaIanine2Kl-mcth^ 
dihydropyridinyi*3*amido)ethyi ester 

i^^(dlioptaene-2"Sulfonyl^L-proly^L-phenylalanille methyl ester 

20 iVKchiophene-2-sulfony 0-Li)n)ly l-L-pheoylalaniw 

iV<S-chlon>-lJ-diniethylpyrazoie-4*sulfoiiyl^L-prolyi*L-phenyl^ 

iV-{2-phenyletluiiesulfoiiyi)-L-pn)lyl-L-phenyIalamne 

25 

^-{l-nicthyIimida2olc-4-sulfonyl)-L-prolyl-L-phcnylaJaninc methyl ester 

AKl*methylimidazole-4-sulfoQyl)-L-prolyl-L-phenyialanine 

30 iV-(4-am]diiu>benzenesulfonyl)-L*prolyl-L*phenylalaaine methyl ester 

iV<4-amidinobeiizenesulfonyl)-L-prolyi*L-phenylalanine 

AK4-chiomethoxyimidatylbeiizeiie-4.sulfonylVL*iyrolyl-L-phe^^ 
35 methyl ester 

^•[4KA^methylthioamido)benzenesulfoiiyl1-L*pn>lyl*L*pheayla 
methyl ester 

40 N-(toIueiie-4-sulfonyl)-L-prolyl-DX-pKK2.4^ria2oW-yl)alanTO 

^-(tohiene-4-sulfonyl)-L*prolyl-DX*pKthxazoi-2-yl)alanine 

iV-[4-(3-dimcthyiaminopropyloxy)bcnzenesulf nyl]-L-prolyl-L- 
4S phenylalanine 
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A/^(tolucne-4-siUfonyl)-L-pyrroliclin-2-yl-thiocarbonyl-L-phcnyl^ 

A^-(4-thiocarbmoylbcnzenesulfonyl)-L-(5,5-dimethyl)thiaprolyl-^ 
phenylalanine benzyl ester 

5 

A^K4<yanobcnzenesulfonyl)-M5,5-dimethyI)thiaprolyl-L-phenylal^^ 
benzyl ester 

iN^(totuene-4-sulfonyl)-L-proIyl-D-phenylalanine 

10 

A/KtoIuene-4-sulfonyl)-L-(thiamorpholin-3<arbonyl)-L-phenylalam 

4 

AKtoluenc-4.sulfonyl)-[(l , l-dioxo)thiamorpholin-3-carbonyll-L- 
phenylalanine 

15 

A/'-(tolucnc-4-sulfonyl)-LK3,3-diniethyiyprolyl-L-phenylalanme 

iV-{totuene-4-sulfonyl)-L-(5,5-diinethyl-l , l-dioxo)thiaprolyl-L- 
phenylalanine 
20 ■ 

iV-(toluenc-4-suifonyl)-((l , l-<lioxo)thiainorphoiin-3-carbonyl].L- 
phenylalanine ethyl ester 

A^*<tohiene-4-5ulfonyl)-L-proIyl-L-phenylaIanine rerr-butyl ester 

25 

iV-<toIuene-4-sulfonyl)-L-pyrn5Udiii-2-yl-thiocarbonyl-L-phenylalanme^ 
methyl ester 

A^(benzenesulfonyl)-L-prolyl*L-phenylalanine methyl ester 

30 

^-(toluenc-4.sulfonyl)-L-{5-oxo)prolyl-L-phehylalanine ethyl ester 

AKtolucnc-4-sulfonyl)-L-<5-oxo)prolyl-L-phenylalanine 

35 and phaimaceutically acceptable salts thereof as well as any of the ester 

compounds recited above wherein one ester is replaced with another ester 
selected from the group consisting of methyl ester, ethyl ester, n-propyl 
ester, isopropyl ester, rt-butyl ester, isobucyl ester, jec-butyl ester and ten- 
butyl ester. 

40 

11. A method for binding VLA-4 in a biological sample which 
method comprises contacting the biological sample with a compound 
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according to Claim 1 or 2 under conditions wherein said compound binds to 
VLA^. 

12. A pharmaceutical composition comprising a pharmaceutically 
acceptable carrier and a therapeutically effective amount of one or more of 
the compounds of Claims I or 2. 

13. A method for the treatment of an inflaounatory disease in a 
patient mediated by VLA-4 which method comprises administering to the 
patient the pharmaceutical composition of Claim 12. 

14. The method according to Claim 13 wherein said inflammatory 
disease is selected from the group consisting of asthma* Alzheimer's disease, 
atherosclerosis, AIDS dememia* diabetes (including acute juvenile onset 
diabetis), inflammatory bowel disease (including ulcerative colitis and 
Crohn's disease), multiple sclerosis, rheumatoid arthritis, tissue 
transplantation, tumor metastasis, meningitis, encephalitis, stroke and other 
cerebral traumas, nephritis, retinitis^ atopic dermatitis, psoriasis, myocardial 
ischemia and acute leukocyte-mediated lung injury such as that which occurs 
in adult respiratory distress syndrome. 
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7 June 1971 
Columbus. Ohio. US; 
abstract no. 126040. 
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amino acids and dansyl peptides' 
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see abstract 
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CHEMICAL ABSTRACTS, vol. 108, no. 19, 

9 flay 1988 

Coluinbus, Ohto, US; 

abstract no. 167952, 

EL-NA6GAR. A. N. ET AL: "Synthesis and 

anttffltcroblal activity of soma new 

N-coumar1n-6-sulfony1 amino add and 

d1 peptide derivatives" 

XP002086188 

see compound having RN: 113739-72-3 
see abstract 

& AFINIOAD (1987), 44(411), 431-3 COOEN: 
AFINAE;ISSM: 0001-9704,1987, 

EL-NAG6AR, A. H ET AL: "Synthesis and 
biological activity of some new 
dlbenzofuran- and 

7-n1trod1ben2ofuran-2-$u1fonyl amino acid 
derivatives* 

ACTA PHARH. JUGOSL. (1985), 35(1), 15-22" 

COOEN: APJUA8;ISSN: 0001-6667.1985. 

XP0020516a9 

see compound XXVIII 

see table 1 

CHEMICAL ABSTRACTS, vol. 106, no. 25, 

22 June 1987 

Columbus, Ohto. US; 

abstract no. 210288, 

RESHETOVA. 0, S. ET AL: "Analysts of 

N-dansyl peptide methyl esters by means 

high performance liquid chromatography and 

mass spectrometry" 

XP 002086 189 

see compound having RN: 108375-98-0 
see abstract 

& BIOORQ. KHIN. (1987). 13(3), 320-37 
COOCN: BIXH07.1987. 

CHEMICAL ABSTRACTS, vol. 99. no. 21, 

21 November 1983 

Columbus, Ohto, US: 

abstract no. 176262. 

EL-tiA6GAR, A. H. ET AL: "Synthesis and 

btologtca) activity of some new 

quInottne-S-' sulfonyt amino acid and 

dl peptide derivatives" 

XP0020a6190 

see compound having RN: 37650-85-9 
see abstract 

& ACTA PHARN. JUGOSL. (1983). 33(2), 
103-10 COOEN: APJUA8;ISSN: 0001-6667.1983, 
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SIMANIS, VIESTURS ET AL: "Recognition and 

utilization of dansyl-dlpeptldes In nianual 

dansyl-Edman sequencing" 

INT. J. PEPT. PROTEIN RES. (1982). 19(1). 

67-70 COOEN: IJPPC3;ISSM: 0367-8377,1982. 

XP00208618S 

see figure 1 

WO 95 15973 A (CYTEL CORP) IS June 199S 

see page 8. line 16 - line 26; claims; 
examples 

UO 96 22966 A (8I06EN INC ; ADAMS STEVEN P 
(US); LIN KO CHUNG (US); LEE WEN CHERN6) 
1 August 1996 

see page 47. line 15 - line 28; claims; 
examples 
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1. \T] Ci4im«Noa^ 

t)«cauaa(h«yr«iatato wbiactmattirnotrtquMtobasaaraitabytniaAumofi^ 

Refflartc: Although claims 13 and 14 are directed to a method of treatnent 
of the human/animal body, the search has been carried out and 
based on the alleged effects of the compound/composition. 

Z (l ClalwNca.: 

oftcauta thty rataia to pans of xtm mttmadoftai Application that do not compter with tna prcaoibad rtoumfmnia » such 
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Box 11 Obaervatfofts where unity ot invantlon la leckln9(Conttnuailon of Itam a of firai afieeD 
This imamattonai Saarching AutMrtty found muMpta inv«naena m m tmamaflonat appHcatten. aa mourn 



1. rn Aa all requif«daddi5onaltaar« fata warasmofypaM by tttaappicsnt this inttmattonatS^ 
^—^ s«arcnaai« daitna. 



2. As ail saarchaota ci«ma oeuld ba saa/Md without tfion FuanfyinQ an additional taa. mm Autnonty did not invitaoaymam 
<y any addittonai taa^ 
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